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In spite of his 65 years Alfred Ursprung is a very active Plant Physiolo- 
gist. He prizes his work as an educator even more than that of research 
worker and has earned the esteem, gratitude, and even the love of the 
disciples that he introduced into the science of Botany. Building on the 
foundations which he inherited from WersTERMAIER, he developed an up-to- 
date botanical institute from which many contributions emanated at the 
University of Fribourg in Switzerland. 

He did not permit his academic ambitions to absorb his attention to the 
exclusion of other responsibilities which he recognizes. In 1911 he married 
CAROLINA ROESLE VON SAECKINGEN and together with their children, these 
two live a very happy family life. The oldest son is in business, the daugh- 
ter next in age is a pharmacist, and the younger son is still a student in 
the law school of the university. 

UrspPrungG is firm in his religious convictions and professes his faith in 
God and the Church. Religion has stimulated and not dampened his zeal 
for science. It is not surprising under these circumstances that he has 
developed a philosophy of life that promised happiness and gave him the 
disposition that he is pleased to designate as ‘‘arbeitsfreudig.’”’ 

He was born in Basel on December 22, 1876, the son of the city surveyor, 
Prerer Ursprune. He received his primary and secondary education in his 
home town and received the Bachelors degree at the local university (1895). 
Immediately after this he matriculated with the Philosophical Faculty of 
the same university and devoted most of his time during the early period 
of graduate work to Physics. He devoted the entire Summer term to that 
subject at the University of Strassburg in 1898. His decided bent in this 
direction dates back to the thirteenth year of his age, and is in evidence in 
all of his contributions, which are on the border line of Physics and Botany. 
The work of NAGELE and SCHWENDENER finally decided him to devote his 
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time entirely to the pursuit of problems in Botany. After being introduced 
into the field by KiEeps, he was guided immediately by W. Benrecke and 
A. F. W. Scurmper. He passed his examinations for the doctorate at Basel 
in the Fall of 1900, receiving his degree summa cum laude. Botany was 
his major, Physies and Chemistry his minors. 

Since he had a decided love for teaching, he contemplated for some time 
entering the teaching profession exclusively, and consequently passed the 
pedagogical examination required to obtain the teacher’s diploma and ob- 
tained it the same year. ScHimper recognized the unusual ability of the 
young doctor and persuaded him that a bright future lay before him in the 
research field. Accordingly he continued in research work in ScHIMPER’s 
laboratories and won the prize offered by the university in recognition of 
his work on the ‘‘ Physical Characteristics of Leaves.’’ 

Upon the recommendation of WESTERMAIER he went to Berlin to pursue 
work with SCHWENDENER. In 1902 he completed his study of the mechanics 
of the annulus of the Pteridophyta. The publication of this work served 
as his introduction to the faculty of Fribourg University where he became 
assistant to WESTERMAIER in 1902. The following year WESTERMAIER became 
fatally ill. He and ScHWENDENER both agreed that UrsPpRUNG was capable 
of giving the lectures in the ailing professor’s stead. Fribourg recognized 
Ursprun@’s ability at once and soon made him extraordinary professor in 
1903, and ordinary professor in 1907. 

To date he has published 8 works and 35 dissertations. Except for two 
dissertations, one in the domain of Taxonomy (Die Bacillariaceen von Frei- 
burg ete. by E. Morscut, 1907) and another in Plant Geography (Die Laub- 
moose des oberen Engelbergertales by P. F. Greter, 1936) all of his contri- 
butions deal with questions of physical physiology. Outside of one disser- 
tation, which treats of the resistance of seeds and death by freezing (E. 
OSTREICHER-KTERANOWSKA, 1915) the remaining contributions may be 
divided into five groups. The first two are devoted to the study of the 
development of woody tissues and its relation to the falling of leaves and 
climatie factors. The first group consists of two works; one published in 
1900, and the other in 1904. They refer to the formation of the annual 
rings in woody plants of the tropics. In the second group (1900, 1901, 
1905, 1906, and 1912) the excentric growth in diameter of trees is studied 
and discussed. While he failed to find a mechanical cause which would 


explain the strange phenomenon, he did prove that the excentriec growth 


tended to balance the originally curved axis and that there is a consequent 
economy of material. An attempt was also made to determine the signifi- 
cance of excentric growth in herbaceous plants (1906). The dissertations 
of Hertc (1915) and O. Reatr (1918) belong to this group. Two works 
were devoted (1906, and 1907) to proving that lignified tissues cannot grow. 
A dissertation by Kosier (1908) also treats of this problem. 
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The third group is devoted to the study of the mechanics of sporangia and 
anthers. In 1902 he proved that there is a cohesion-hygroscopic mechanism 
in the sporangia of the Pteridophyta. A detailed study of the sporangia was 
made in 1904. In 1915, his discovery of a tension greater than 300 atmos- 
pheres in the annulus of ferns created a sensation. In 1906 he proved that 
the Trichia-Capillitium is a hygroscopic mechanism and so is the similar 
arrangement in anthers. The dissertation of ScHNEIpER (1908) and of 
Scuips (1913) also deal with the same subject. 

The fourth group of five works, published in 1917 and 1918 treats of the 
significance of radiation in the process of photosynthesis. He showed that 
starch is formed in all wave lengths ranging from 760 my to 330 muy, even 
in the green region of the spectrum, which up until that time, was not gen- 
erally admitted. A little below 330 my ultraviolet radiation proved to be 
injurious to the protoplasm ; the infra-red rays were found to be only slightly 
active. In the quantitative work which followed the qualitative it was 
shown that the curve for the relative activity in different regions of the 
spectrum and the absorption curve for the green leaf showed similar princi- 
pal and secondary peaks in the same regions and that the curves ran almost 
parallel from the red into the green; in the blue and the violet, differences 
were noted which have not yet been explained satisfactorily. The signifi- 
eance of the natural green color of leaves became apparent. He denies the 
existence of a photochemical extinction in the process of photosynthesis. 
His work in collaboration with BLuM in 1917 regarding the injury done by 
ultraviolet radiation should be mentioned in this connection. In a work 
which he published in collaboration with GocKkEL in 1918 he proved that 
there is no satisfactory evidence known which indicates the existence of a 
possible physiological process which ionizes the air. 

URSPRUNG is best known for his work on the problem of the ascent of sap, 
his classical work on osmotic quantities and their correlation. These con- 
tributions form the fifth group. The studies on the ascent of sap were made 
from 1904 to 1934, but there is as yet no satisfactory explanation given 
which accounts for the phenomenon. The first phase of this work relates to 
the possible involvement of the living cells. He contended that if purely 
physical forces were assumed to be the only ones involved, it would not 
suffice to prove that a slight amount of water reaches the tops of trees by 
this means, but that it would be furthermore required to prove that they 
actually can transport, without other aid, a sufficient quantity of water to 
satisfy all the demands of the active plant. He supported his side of the 
argument with experiments in which he killed zones in the condueting 
organs (petioles, twigs, and stems) of plants which were otherwise intact. 
He killed these zones in 150 plants (herbs, shrubs, and trees) by means of 
steam, electrical currents, and poisonous chemicals. In every case the leaves 


above the treated zone became wilty but the leaves below this zone remained 
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fresh and turgescent. He proved in various ways that the wilting was not 
the consequence of possible plugging of the conducting vessels, nor due to 
poisonous materials that might be supposed to have come to the wilted 
leaves, nor to plasmolyzing agents that conceivably withheld water from 
these leaves. He claimed that the contentions of Dixon and Overton to the 
contrary are not tenable. His final conclusion is that, so far as our present 
knowledge goes, we must hold that the living cells in some way furnish a 
portion of the energy required to raise the sap within the plant. 

Several publications dealing with the cohesion theory appeared from 1913 
to 1915. He developed a number of set-ups which permitted the demon- 
stration of the fact that mercury can be made to rise in glass tubes to a 
point 135 em. beyond barometric height using filters or Thuja stems to close 
the top of the tube. By means of X-rays he proved that mereury could be 
made to rise in the vessels of living vines. It was at this time that he also 
discovered the high tension that existed in the annulus of ferns which in- 
duced him to investigate the possible significance of cohesive forces in the 
process of the ascent of sap. It soon became evident from the experiments 
that followed, that when the tension went beyond a few atmospheres, air 
bubbles developed in the tracheids so that the conditions are altogether 
different than they are in the annulus, and that it may not legitimately be 
assumed that so high a tension exists in the water of the tracheids. -He 
gave a number of reasons to show that the cohesion theory is not tenable. 

A summary exposition of the water economy of plants is given in the 
second edition of the Handwoérterbuch der Naturwissenschaften (1934). 
There UrRspRUNG makes it clear that he admits the probable cooperation of 
the cohesive forces and possibly other forces that cannot strictly be regarded 
as physiological in the process of the ascent of sap, but insists that our 
present knowledge does not justify us in assuming that the known physical 
forees are sufficient to explain the phenomenon. When he attempts to 
prove that the living cells in some way furnish some of the required energy, 
he evidently has in mind only the manifestation of physical forees through 


some physiological activity comparable to so many other expressions of force 


in the life activity of cells. 

The investigation of the cytological osmotic mechanism, which began in 
1912, was the next phase of his work toward the solution of the problem. 
Since 1916 he has been publishing regularly in the field up to the present 
time. Thirty-two papers and fifteen dissertations were published. BLuM 
is the most frequent collaborator. Two works were published in English in 
collaboration with Beck (1929 and 1935). 

First a satisfactory system of adequate terms was established, and then 
the basic methods of operation were developed, after which actual determina- 
tions were made. URsSPRUNG’s law: ‘‘the suction force of a cell is given by 


9? 


the suction force of the contents of the cell, less the wall pressure,’’ evolved 
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from this phase of the work. The methods which are employed are described 
in the ‘‘Handbuch der biologischen Arbeitsmethoden’’ and a summary of 
the results obtained is given in the second edition of the ‘‘ Wérterbuch der 
Naturwissenschaften. ’’ 

One section of the determinations of suction tensions refers to the values 
of individual cells. Partially these results were as they might have been 
expected to be (e.g., the gradient from base to tip, the gradient from the 
hadrom to the epidermis in the cross-section of the stem, the increment in 
the series of cells in the palisade parenchyma, ete.). A comparison of these 
with the results obtained by determining the osmotic value at incipient 
plasmolysis clearly proved that definite progress had been made by employ- 
ing the newer methods for determining the water relations. Some of the 
results were altogether unexpected (e.g., the epidermis jump in the leaf, and 
the endodermis jump in the absorption zone of the root). It became less 
difficult to understand the endodermis jump after it was proven that it is 
possible and in some cases certain that cells manifest polarly differentiated 
suction tension. The endodermis proved to be comparable to a suction 
pump and reduction valve. The vascular parenchyma of the absorption 
zone operates like a force pump. These notions advanced the investigation 
of the enigmatie bleeding phenomenon another step. 

The periodic variations of the suction tension and the influence of environ- 
mental. factors on this quantity were obtained by other methods in which 
the average suction tension of groups of cells (simplified or strip method, 
hard leaf method, and lever method) was determined. High values were 
obtained for halophytes and positive values for aquatic plants; and it was 
established that bogs are not physiologically dry. A dissertation in English 
by Mouz belongs to this group (1926). Aiso the dissertation by WAFFLER 
(1939) in which the suction tension of soils is determined and which makes 
it possible to define habitat more accurately. 

In all of these determinations sucrose was preferred to potassium nitrate 
as a plasmolyzing agent. Breck made a comparative study of the relative 
values of the two agents (1926) and found the potassium nitrate unsatisfae- 
tory. 

The new methods made it possible to determine the actual turgor pres- 
sure. It was proven, among other things, that the guard cells do actually 
manifest a greater turgor pressure for wider apertures in the stomatal com- 
plex, which is in agreement with the concept of the mechanism proposed by 
SCHWENDENER. 

The relative values of the osmotic quantities in different parts of the 
root proved to be particularly interesting. Contrary to expectation, the 
region of maximum growth does not correspond to the region of maximum 
turgor pressure but rather to that of minimum turgor pressure, which is 


also the region of maximum suction tension. These surprising facts are 
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significant and should prove helpful toward a better understanding of the 
mechanism of growth. 

SCHIMPER was not mistaken when he promised his disciple a successful 
career in research. From the beginning he discerned in him those qualities 
which make for suecess. With a natural bent, a keen intellect, an analytical 
mind, a sound judgment, endless patience in running down leads, diligent 
application, and a determined will coupled with sustained interest, the entire 
or at least partial solution of any problem he chose to attack seemed assured. 
His foundation being broad yet thorough, and his outlook positive, he natu- 
rally chose such problems as lay immediately at hand awaiting solution. 
These problems were not solved previously, perhaps, because the type of man 
that URSPRUNG is, was not on hand before to solve them. They demanded 
such qualities as he possessed and gave little promise of material remunera- 
tion in proportion to the effort and time required for their solution. The 
results which he achieved could come only as the consequence of the diligent 
application of a thorough knowledge of relatively recent discoveries in both 
physico-chemical and biological sciences. He exemplifies the fact that knowl- 
edge is not power but applied knowledge is. 

URSPRUNG is unselfishly interested in advancing human knowledge of the 
truth; a merely successful career could never satisfy him. By word and 
example he urges his disciples and fellows to seek facts, bravely attack 
knotty problems and relentlessly apply logic until the truth stands out 
clearly, unencumbered by any figments of the imagination. He wunder- 
stands, and has expressed it on a number of oceasions, that the prime fune- 
tion of the University in general, and the Experimental Science Institute in 
particular, is advancement of human knowledge of the Truth. It is hoped 
that he will continue for many more years as a leader of so commendable 
an idealism. His life and his work are a living proof that happiness ean be 
found in scientific endeavor, and that science need not come up muddy as do 
some researchers who have only the sordid selfish ends of material gain in 
view. 

Significant honors have been bestowed upon Dr. URsprRUNG in recogni- 
tion of his work. In 1937 the American Society of Plant Physiologists at 
the Indianapolis meeting elected him to corresponding membership. Re- 
cently Pope Pius the XII nominated him for membership in the Papal 
Academy in recognition of his merit as a scientist. The secretary of the 
Academy announced his election to membership on November 30, 1941. The 
Academy had its origin in the famous Academy of Lincei into which 
GALILEO was received as a member on August 25, 1610. URsprUN@’s election 
comes very fittingly on the occasion of his 66th birthday as a crowning glory 
which he richly merits for his persevering efforts to advance truth. 


THE UNIVERSITY OF DAYTON 


DAYTON, OHIO 














EFFECT OF SUBSOIL ACIDITY AND FERTILITY ON THE 
GROWTH OF SEEDLING BLACK LOCUST AND 
GREEN ASH?’ 


A. L. McComsB AND FRANK J. KAPEL 


(WITH TWO FIGURES) 


Introduction 


While media as acid as the more acid soil solutions apparently do not 
directly affect plant growth (8, 12, 24), the indirect effects of acidity on 
growth are often conspicuous and important. Nutrient solubility and avail- 
ability, microbiological activity, soil structure, and aeration may be affected 
in important degrees. Poor growth on acid soils has been attributed to 
calcium deficiency (20, 22), and to increased solubility and toxicity of 
manganese (9), and aluminium (1, 5, 12). Additions of lime (1) and of 
phosphorus (4, 10, 11) have been found to counteract aluminium toxicity ; 
mutual precipitation of phosphorus and aluminium taking place both inside 
and outside of the plant (15). Combinations of lime and acid phosphate 
are better than either when used alone for increasing growth on aeid soils 
(3, 13) and it has been shown (17) that between pH 5.0 and 7.5 lime in- 
creases phosphate solubility. At a given acidity level soluble aluminium is 
higher, and plant injury greater, in soils with low base saturations than in 
those more highly saturated (14). 


Methods 


The experiments reported herein were carried out in crocks in the green- 
house and deal with the growth of seedling black locust (Robinia pseudo- 
acacia L.), and green ash |Frarinus pennsylvanica lanceolata (Borx- 
HAUSEN) Sargent] on a very acid, infertile subsoil. The soil material used 
represents the upper C horizon of the LiInDLeEy series and is a sticky yel- 
lowish brown clay of pH 4.3 (6). The experiment was designed to measure 
the interactions of acidity and fertility on growth. 

Four pH levels, one of which was that of the original soil, were obtained 
by adding precipitated CaCO, after first establishing a buffer curve for the 
soil, and from this calculating the quantities of CaCO, required to yield 
specified pH values (16). Each lot treated with lime was wetted, covered, 
and allowed to set for a six-week period before further treatment. pH 
values were determined with the glass electrode on 1:2.5 soil-water mix- 
tures. At the end of the experiment the average pH values of the different 
lots were 4.3, 6.6, 6.9, and 7.7. 


1 Journal Paper no. J-868 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project no. 612. 
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Each of the four lots of soil was further divided into three parts which 
were treated as follows: part one received no further treatment; part two 
received nitrogen at the rate of 140 pounds N per acre on a soil volume basis 
and potassium at the rate of 110 pounds K per acre; part three received the 
same treatment as part two, plus phosphorus at the rate of 270 pounds 
P per acre. Although this soil is not deficient in potassium, this element 
was added to make sure that nitrogen and phosphorus responses were not 
limited by K deficiency in a limited volume of soil. Nitrogen was added as 
ammonium nitrate, potassium as the sulphate, and phosphorus as mono- 
calcium phosphate. After treatment the soils were potted, seeds planted, 
and three to five plants grown in each crock. All treatments were replicated 
three times. 

The experiments were conducted over a period of six months, after which 
the green and dry weights of the plants were obtained. The results were 
analyzed statistically by the variance method as outlined by SNEDECcorR (19). 
In addition, representative samples of. the original subsoil were used for 
making physical and chemical analyses which would further characterize 
the soil. 

A mechanical analysis made on the original soil material by the 
Bovyoucos method (2) showed: gravel 1.2 per cent., sand 45.8 per cent., 
silt 15.2 per cent., and clay 37.8 per cent., of which 93 per cent. was below 
two microns in size. 

Available phosphorus was estimated by the method proposed by Truoe 
(21) and total nitrogen by the KyeLpanu procedure. The results showed 
the original soil to contain 11.8 p.p.m., or 23.6 pounds per acre of avail- 
able phosphorus, and 0.104 per cent., or 2,080 pounds per acre, of total 
nitrogen. 

Total base exchange capacity was determined by the ammonium acetate 
method of SCHOLLENBERGER (18) and total exchangeable bases and indi- 
vidual bases were determined separately by the method suggested by Wu- 
LiAMs (23). These results are presented in table I. A point worth noting 


TABLE I 


BASE EXCHANGE STATUS OF THE SOIL MATERIAL. MILLEQUIVALENTS PER 
100 GRAMS OF SOIL 

















Laiespemel ; | TorTal PERCENT- 
Ca Mg K a ame ay | EXCHANGE | HypDROGEN* AGE BASE 
LB =| ~sCAPACITY SATURATION 
BASES | 
m.eq. m.eq. m.eq. meq. | m.eq. m.eq. % 
4.57 2.36 0.36 7.80 | 12.39 | 4.59 | 62.9 


* By difference 
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is that although this soil was strongly acid (pH 4.3) it was more than 60 
per cent. saturated with bases. 
Results 
Locust 
The effects of the various lime and fertility treatments on the locust and 
ash are shown in tables IT and III, and are illustrated in figures 1 and 2. 


TABLE II 


THE AVERAGE GREEN AND DRY WEIGHT PER POT OF BLACK LOCUST 





























PH TREATMENT AVERAGE BY 
FERTILITY 
FERTILIZER 4.3 6.6 6.9 7.7 LEVELS 
TREAT- e = Me = eS ~ - = oa = 
MENTS a] % fd 7 to ee zt ee zo Fe] z 
i) aS  & ao , & gS » o gS i) aS 
bs a5 2 = » a5 be 2 on] 25 
mf aS eS a & gs. mm as me § = xs 
AF oe QF oF OF oF AF Oo Aas os 
gm. | gm. gm | gm gm gm gm. gm gm. | gm 
| | : x : a 
O | 0.46; 1.18 | 0.47 | 1.47 0.66 1.89 0.27 0.72 0.46 1.31 
NK | 0.26/ 0.69| 0.27/| 0.84] 135] 3.38 | 0.52 | 1.76 0.60 | 1.67 
NPK 17.66 | 43.39 | 14.12 | 36.99 | 11.80 | 30.72 2.27 6.35 | 11.46 | 29.39 
Average | 
by pH | 
levels | 6.13 | 16.23 | 4.96 | 13.10 | 4.61 | 12.00 1.01 Sat ° cman ee i 


From table II it may be noted, with respect to the black locust, that: 

1. At all pH levels the plants treated with both phosphorus and nitrogen 
showed a very large response. This growth was significantly greater than 
that obtained where no fertilizer was added or where nitrogen and potas- 
sium alone were added. Subsequent work indicated that with the legu- 
minous black locust this response was almost entirely due to phosphorus. 


TABLE III 


AVERAGE GREEN AND DRY WEIGHT PER POT OF GREEN ASH 




















PH TREATMENT AVERAGE BY 
FERTILITY 
FERTILIZER 4.3 6.6 | 6.9 7.7 LEVELS 
rapes = e e e | - e e | = = = 
MENTS x m tc | Zi | ee} yA ms | zh | 7 tn 
» 2 aS , © Ho |] oS aS So | So . @ ao 
= a= ae | ge | we ae r= | ae = a2 
se & ee | 2k 2 |; ee 2 ); ee | eB xe el 
AF oF Qe | os =e 6 Aas mS AF 6 F 
gm gm gm gm gm gm gm gm gm. | gm, 
O 0.62 1.44 0.79 1.80 1.12 2.44 0.87 1.87 0.85 1.89 
NK 0.38 0.97 0.48 1.08 0.70 1.54 0.63 1.53 0.55 1.26 
NPK 2.95 6.55 2.66 6.06 1.91 4.32 2.13 4.11 2.41 5.35 
Average 
by pH 
levels 1.32 3.08 1.31 2.98 1.24 2.77 1.21 + fees, oe 
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2. In general the plants receiving nitrogen and potassium but no phos- 
phorus were smaller than those receiving no fertilizer. These differences 
were not statistically significant. 

3. With the complete fertilizer treatment the greatest growth was ob- 
tained at pH 4.3, while with the other fertility treatments the greatest 
growth oecurred at pH 6.9. 

4. With the complete fertilizer treatment, growth decreased as pH in- 
creased until at pH 7.7 the plants were chlorotic and definitely poorer. The 





Fig. 1. Development of black locust (above) and green ash at high fertility level 
with varying soil pH. 


difference in growth between pH 7.7 and other pH values is significant ; the 
differences among the pH values 4.3, 6.6, and 6.9 are not statistically sig- 
nificant. 

5. Although in general the plants receiving no fertilizer, and those re- 
ceiving nitrogen and potassium alone, showed increasing growth with pH 
up to 6.9 and decreasing growth beyond that point, the data are erratic and 
are not statistically significant. 
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ASH 


Table III presents the data for green ash. It is noted that the results 
here are, in general, similar to those obtained with black locust in that: 

1. The seedlings responded significantly to the phosphorus-nitrogen- 
potassium treatment at all pH levels. 

2. The nitrogen-potassium treatment was poorer than the no fertilizer 
treatment. 

3. With the N-P-K treatment the greatest growth occurred at pH 4.3 
and decreased steadily as pH increased. These differences are not statis- 
tically significant. 





Fig. 2. Effects of fertilizer treatments on growth of locust (above) and ash. Read- 
ing from left to right in each photograph, the fertility treatments are: no fertilizer; nitro- 
gen and potassium; and phosphorus, nitrogen and potassium. 


4. The no fertilizer and N—K treatments showed increasing growth up 
to pH 6.9 and decreased beyond that value. 

There are two notable differences in the results obtained with ash when 
compared to the locust : 

1. The magnitude of the response to N—-P—K was much less for ash than 
for locust. This difference was undoubtedly due, in part, to the fact that 
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after a period of two months the ash became dormant while the locust con- 
tinued to grow. Dormancy occurred first in the N-P—K treatment but later 
the plants in all treatments became dormant. All plants in the complete 
fertilizer treatment, at the time of dormancy or before, became yellow along 
the midrib and veins of the leaves and on many plants the leaves curled 
downward along the margin, suggesting a minor element deficiency. 

2. Green ash was not as sensitive to high pH values as was the locust. 


Discussion 


The results presented above show that where phosphorus was present in 
great abundance best growth occurred at pH 4.3 but that where the plants 
had to rely on the phosphorus originally in the soil the best growth was 
made at pH 6.9. The fact that best growth occurred on the most acid soil 
indicates that hydrogen-ion activity was not in this case a direct factor in 
producing poor plant growth. 

In the data presented, there is no evidence indicative of a calcium de- 
ficiency in this acid soil. When phosphate was added, best growth occurred 
at pH 4.3; when no phosphorus was used, only very slightly inereased 
growth occurred when calcium was added. 

The fact that best growth occurred at pH 4.3 with the N—P—K treatment 
indicates that there was no serious deficiency of other bases and nutrients 
and that on the average their availability was as great at this pH as at the 
higher pH values. Lack of response to calcium along with the good growth 
obtained at pH 4.3 is probably associated with the relatively high base 
saturation in this acid soil. Prerre (14) has shown that degree of base 
saturation is a better indicator of the producing capacity of acid soils than 
is pH. Haas (7) has found recently that citrus cuttings in solution and 
soil cultures usually grew best in his most acid media. 

The fact that, when no phosphorus was added, best growth occurred at 
pH 6.9 appeared to indicate that addition of calcium carbonate slightly in- 
creased the availability of the phosphorus already in the soil. Beyond 
neutrality, growth declined again, probably in response to decreasing phos- 
phate solubility at high pH values or to a decrease in the availability of 
iron or other nutrients. 

At pH 7.7 the locust trees receiving the N-P—K treatment were stunted 
and chlorotic. Chlorosis in this case was apparently due to an iron deficiency 
caused by excess calcium suppressing the solution of iron. Previous field 
experience by the senior author has shown that chlorosis of black locust 
growing on soils with free lime could be corrected by spraying the foliage 
with a one per cent. solution of ferrous sulphate. The fact that the growth 
of green ash was not seriously affected at this high pH indicates a difference 


in the feeding power of the two species. 
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It is noted that addition of nitrogen and potassium gave no growth 
response while the phosphorus-nitrogen-potassium combination did. This 
fact suggests that, in the original soil material, nitrogen was adequate at 
the existing phosphorus level. The entire response with the locust was 
apparently due to phosphorus (unpublished data) and is probably asso- 
ciated with nitrogen fixation in this species. With green ash, although the 
initial response was to phosphorus, the total response was to the N—P-K 
combination. Although this experiment was not concerned with potassium, 
this element is apparently adequate at the level of phosphorus and nitrogen 
existing in the original soil. Exchangeable potassium in this soil amounted 
to 280 pounds per acre, which is a quantity generally regarded as sufficient 
for good crop production. 

The complete lack of response to nitrogen and potassium in the absence 
of an initial increment of phosphorus may also indicate a difference in the 
feeding power of these tree seedlings for phosphorus; this is in contrast to 
most herbaceous crop plants which will generally respond somewhat to 
nitrogen alone even at very low phosphorus levels. 

The evidence of the better response obtained with the N—-P—K treatment 
at pH 4.3 as contrasted to that obtained at the higher pH levels should not 
be taken as a general recommendation for acid soils; it should be remem- 
bered that very large quantities of both phosphorus and nitrogen were 
added to this soil which was already well saturated with bases. Likewise, 
the failure of the plants to respond to liming when no phosphorus was added 
should not be regarded as evidence of the lack of beneficial effects due to 
lime. Rather, it should be remembered that additions of lime to aeid soils 
containing a moderate amount of residual phosphorus will often increase 
phosphate availability and may, along with light phosphate fertilization, be 
the most satisfactory method of increasing growth. 

Although these experiments were conducted under greenhouse condi- 
tions it is reasonable to suppose that similar, although probably less mag- 
nified, responses could be obtained under field conditions when forest plant- 
ing is done on eroded soils possessing the characteristics of the soil used here. 


Summary 

One-year-old seedlings of black locust and green ash were grown in 
4-gallon crocks on a yellowish brown, infertile, sticky clay of pH 4.3, corre- 
sponding to the upper C horizon of the LrnpLey series. Four acidity levels 
were maintained—pH 4.3, 6.6, 6.9, and 7.7, with three fertility treatments 
at each acidity level: (1) no fertilizer; (2) nitrogen and potassium; (3) 
nitrogen-phosphorus-potassium. 

The results at the end of a five-months’ growth period showed that, 
regardless of soil pH, the seedlings of both species grew very poorly, if at 
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all, when no fertilizer was added. Both species showed a tremendous re- 
sponse to N—P-K at all pH levels, and no response to nitrogen and potas- 
sium ; this indicated that phosphorus was the element most limiting growth. 

Both species developed best at pH 4.3 when phosphorus was added, and 
growth decreased as pH values increased. When phosphorus was omitted, 
growth of both species increased up to pH 6.9 and decreased again at pH 
7.7. Green ash developed almost as well at the alkaline pH as at the other 
PH levels, while black locust grew very poorly at pH 7.7. 

The results are interpreted largely in terms of phosphate availability. 
The fact that best growth occurred at pH 4.3 is attributed to the relatively 
high base saturation and the apparently adequate quantities of individually 
important bases. 

The results also suggest the desirability of fertilizing seedlings when 
reforesting badly eroded sites of this soil series. 

Iowa STATE COLLEGE 

AMEs, IOWA 
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EFFECTS OF GROWTH REGULATING CHEMICALS ON THE 
OPENING OF VEGETATIVE AND FLORAL BUDS 
OF PEACH AND PEAR 


JOHN W. MITCHELL AND FRANK P. CULLINAN 


(WITH TWO FIGURES) 


Introduction 


Application of certain growth regulating substances to the stem and 
leaves of plants often affects the rate of growth of the terminal and lateral 
buds. This effect has attracted the attention of many investigators, but 
up to now vegetative, rather than flower buds, have been studied (2, 3, 8). 
In general, the application of some of the growth regulating chemicals in 
relatively high concentrations, to the stems of succulent plants retards the 
growth of the vegetative buds. In some experiments these have been mixed 
with lanolin to form a paste, and then applied to the cut surface of de- 
capitated stems with the result that the growth of buds below the treatment 
was inhibited (6). In other experiments, these substances inhibited bud 
growth when applied either directly to the buds or to the outer surface of 
the stem near the buds (5,6). In a few experiments the application of cer- 
tain of these substances stimulated the growth and development of vegetative 
buds (1, 9). 

It has been reported that naphthaleneacetic acid retarded the opening 
of the floral buds of the peach (10). If this were true under widely dif- 
ferent conditions in the orchard (especially near the season of blooming) 
that fact would be of practical interest in connection with the prevention 
of frost injury, since unopened buds are less sensitive to injury by cold 
than is the expanded flower. In some instances the delay of a week in 
blooming might mean that severe frost injury could be avoided. In these 
experiments (10) WINKLEPLECK dissolved the acid in water at the rate of 
125 mg. per liter, and the solution was then sprayed on the trees in the 
orchard prior to blossoming. The treated trees reached full bloom eleven 
days later than did comparable unsprayed trees. This result indicated that 
the growth of the buds was retarded during the last stages of swelling and 
the opening of the petals was appreciably delayed. The petals of flowers on 
the treated trees were smaller than those on control trees, and the rate of 
maturation of fruit was.delayed, but the final size of the fruit was not 
affected by treatment. 

In the experiments here reported results at variance with the above 
mentioned were obtained. The methods employed consisted in using differ- 
ent amounts of growth regulating substances applied as sprays to branches of 
peach and pear trees both in the greenhouse and under orchard conditions. 
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For greenhouse experiments detached twigs were used; attached branches 
were treated in experiments carried out under field conditions. The 
results of the several treatments on the total number, and percentage of 
blossoms that opened, time of blooming and the rate of opening and growth 
of vegetative buds were recorded. 


Methods 


Greenhouse experiments were conducted during February, March, and 
April, 1940 and 1941. In experiments carried out with peach twigs during 
1940, the previous year’s growth of both the stouter terminal and the thinner 
lateral twigs was used. These were trimmed to approximately 12 to 15 inches 
in length. Care was taken to select those having approximately the same 
number of buds evenly distributed along the length of the branch. In 
1941, however, only terminal twigs approximately 18 inches in length were 
selected, and 11 inches of the two year growth (1939) were left attached in 
an attempt to increase the food supply and attain greater uniformity in 
length and diameter. The twigs were divided into groups of equal numbers, 
each group placed in a pint glass, or glazed earthenware jar, containing 
tap water to a depth of 3 to 4 inches; the water was changed frequently to 
lessen bacterial accumulation. The jars were numbered and randomized on 
a greenhouse bench, each of the treatments being replicated three or five 
times depending on the size of the experiment, so that statistical examina- 
tion of the data could be made. 

The cuttings were then sprayed with the following liquids: emulsions 
of lanolin and water (4), or oil and water containing either beta indole-3- 
acetic acid, gamma (indole 3)-n-butyrie acid, alpha naphthaleneacetie acid, 
or alpha naphthalene acetamide. Lanolin emulsion, or oil emulsion, without 
the addition of growth substance, was used as a control in some cases, while 
in still other experiments untreated twigs were also used as controls. An 
attempt was made to hold the greenhouse temperature below 65° F. and to 
maintain a relative humidity of 50 to 60 per cent. This was possible only in 
experiments conducted during February. During March and April the tem- 
perature sometimes reached 85° F., and the humidity 30 per cent. When the 
buds opened into full flower they were removed daily from the respective 
branches and counted. The blooming period generally lasted five or six 
days. 

In the experiments carried out under field conditions during March 
and April 1940, the Elberta peach was used. Comparable branches were 
selected on several individual trees in order to obtain branches growing 
under somewhat different environmental conditions. Some of these were 
sprayed at different stages during the swelling of the flower buds with 
either water emulsions of light engine oil, or water containing various 
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amounts of naphthaleneacetic acid. Some branches on each tree were 
left untreated, others were sprayed with oil and designated as controls. 
Several rains occurred during the course of experiments but despite that 
fact the trees responded to some of the various applications. 

Data concerning the opening of floral and vegetative buds were analyzed 
statistically by first converting the daily counts of open buds into the 
percentage of the total number of buds present, then applying the usual 
method of analysis of variance. 

Results 
DETACHED PEACH BRANCHES 

In experiments carried out during March, 1940 an average of 44.9 per 
cent. of the buds of Belle, and 22.7 per cent. of those of Elberta treated 
with an emulsion containing only lanolin, opened during the period of 
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Fic. 1. Number and time of opening of floral buds of Belle peach treated in 1940 
with naphthaleneacetic acid compared to the number and time of opening of control buds. 
Values expressed as percentage of buds that opened each day; broken line, treated; solid 
line, control. 
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treatment (table I). When naphthaleneacetic acid was added to this 
emulsion approximately all of the buds of Belle opened during the same 
interval of time. In the case of the Elberta twice as many treated buds 
opened as did controls. The maximum number of treated buds of Elberta 
opened on the third and fourth days of the blossoming period, while the 
greater number of buds on controls opened during the fifth day. Naph- 
thaleneacetic acid also slightly advanced the date of blooming of the Belle 
variety (fig. 1). Thus it is evident that treatment with naphthaleneacetic 
acid significantly hastened the rate of opening of the buds, and thus ad- 
vanced the period of blooming from one to two days. Not only was the 
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time of blooming advanced, but in the case of Belle there was also a marked 
increase in the percenetage of flowers that opened. The application of 
naphthalene acetamide to Elberta resulted in only a slight increase, while 
application of the acid resulted again in a marked increase in the number of 
flowers that opened. 


TABLE I 


EFFECT OF GROWTH-REGULATING CHEMICALS ON THE OPENING OF BUDS OF PEACH TWIGS IN 
THE GREENHOUSE. FIGURES REPRESENT THE PERCENTAGE OF OPEN 
BUDS OF FIVE REPLICATIONS AVERAGED 





BELLE 








| TREATMENT 























na er eee womens tes EI 
_ aphiros e INDOLE INDOLE- NAPHTHA- | NAPHTHA- 
- CoNTROL ACETIC BUTYRIC | LENE-ACETIC | LENE 
ACID ACID ACID | ACETAMIDE 
days % % % % Jo 
12 0.0 | 1.1 0.0 1.3 0.9 
13 8.2 10.5 7.9 27.7" 23.7* 
14 11.8 23.1° 27.1* 49.4* 43.7* 
15 19.4 19.5 28.6 20.4 20.6 
16 4.5 3.0 3.5 0.9 15 
17 1.0 1.5 0.0 0.0 1.9 
Total open 449) 6| (57.7 67.1 99.8 92.3 
ELBERTA 
9 wer 0.0 0.6 2.7 0.0 
10 3.3 3.9 3.5 7.6 3.6 
11 3.6 3.7 4.1 | 17.32° 4.4 
12 5.2 74 | 7.9 59° | 10.9* 
13 9.0 8.9 13.4 9.8 15.8* 
14 1.6 0.5 Mm 0.9 | 0.7 
Total open 22.7 24.4 29.9 | 54.1 | 35.4 











* Significantly greater (tested with ratio of 19:1) than controls harvested at the 
same time. 

Additional experiments were carried out in March and April, 1940, 
to determine the effects of some of these chemicals when applied once, or 
repeatedly, to buds at various stages of swelling or nearness to the usual 
blooming period. The periods selected for treatment were: the beginning 
of swelling, after they were partially swollen, or after the buds were 
fully swollen but the petals not yet open. 

In the first trial naphthaleneacetic acid in concentrations of 300 mg. 
per liter was sprayed on cuttings of Belle removed from the trees after 
the buds had swollen considerably but several days before the petals would 
normally have opened. During the following 9-day period all of the 
buds opened and were in full bloom on both treated and untreated branches 
at approximately the same time. 
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In similar experiments, also carried out in the greenhouse, Elberta 
buds that were swollen but not yet open were used. Emulsions containing 
15, 30, 300, and 500 mg. of naphthaleneacetic acid, respectively, per liter 
were applied. No apparent differences were noted in the rate of opening 
or in the number of buds that finally opened as a result of these different 
treatments. Thus naphthaleneacetic acid had no apparent effect on 
either delaying or hastening the opening of the buds when applied under 
favorable conditions of temperature after most of the swelling of the buds 
had already taken place, and they were already close to the usual blooming 
period. In experiments using indoleacetic acid emulsions some of the de- 
tached twigs of Belle were treated once when the buds were just beginning 
to swell, some were sprayed just before the flowers opened, while others 
were treated every second and fourth day during a period of 12 days. The 
single treatment applied to tightly closed buds had no appreciable effect, 
as had already been noted in a previous experiment (table II). Neither 
did a single application, made when the buds were fully swollen but not yet 
open, result in a significant effect either in retarding or advancing the 
date of blooming. Repeated sprayings at either two- or four-day intervals, 
beginning when the buds were just beginning to swell, significantly increased 
the average number of flowers that opened, but neither retarded nor advanced 
the blooming date. 

TABLE II 


EFFECT OF REPEATED APPLICATIONS OF INDOLEACETIC ACID ON OPENING OF BUDS ON BELLE 
PEACH CUTTINGS. FIGURES REPRESENT THE PERCENTAGE OF OPEN 
BUDS OF FIVE REPLICATIONS AVERAGED 
TREATED TREATED REPEATED REPEATED 
DAYS AFTER Cesrenes, ONCE, BUDS outa. one APPLICATIONS | APPLICATIONS 
TREATMENT sbi TIGHTLY oe : EVERY 2ND EVERY 4TH 


SWOLLEN 
CLOSED DAY DAY 








days % % % To % 

y 0.3 0.3 1.1 \ 1.7 
10 5.3 4.2 5.0 f 11.6 
11 33.9 36.4 41.0 of 45.4* 
12 13.5 16.6 13.9 § 24.9* 
13 9.8 - 99 | 2. 6.3 


| 
Total open | 62.8 65.3 | 70.9 | 91.¢ 90.0 











* Significantly greater (tested with ratio of 19: 1) than controls harvested at same 
time. 


During the following season, 1941, additional experiments on the effect 
of naphthaleneacetic acid on the opening of both vegetative and flower 
buds were carried out in a greenhouse in the months of February, March, 
and April. In these tests, lateral branches were trimmed off so that each 
cutting consisted of a terminal branch approximately one-fourth inch in 
diameter at the base and 18 inches long. For the purpose of increasing the 
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food supply available, a portion of the previous year’s growth 11 inches in 
length and approximately one-half inch in diameter was left attached to this 
terminal portion. Care was taken to select twigs having 15 to 20 flower buds 
evenly distributed the full length of this terminal portion. 

When the sprays were applied in February, while the buds were still 
dormant, the acid in lanolin and oil emulsions suppressed blooming, ap- 
parently as a result of injury to the buds, as indicated by the fact that 
they became discolored and failed to grow (experiment 1, table III). The 
growth of vegetative buds was inhibited by the single application of the 
sprays containing 300 milligrams of naphthaleneacetic acid in either lanolin 
or oil emulsions. The greatest amount of inhibition of vegetative buds 
resulted when the branches were sprayed with 5 and 7 per cent. oil emulsions 
containing the acid. Microscopic examination made several weeks follow- 
ing this treatment, showed that some of the vegetative buds were injured, 
and that injury was associated with the presence of flower buds in the bud 
cluster. Vegetative buds that occurred together with two flower buds in the 
same cluster invariably showed injury, while only 50 per cent. of those 
produced singly at a node, without accompanying fruit buds, were injured 
by these oil sprays. The use of lanolin emulsions containing 300 mg. of 
naphthaleneacetic acid per liter also resulted in some injury to vegetative 
buds, but to a lesser degree than was evident in the case of oil emulsion 
sprays. The use of oil and lanolin emulsion sprays, to which none of the 
acid was added, resulted in no apparent effect on the growth of vegetative 


TABLE III 


EFFECT OF LANOLIN AND OIL EMULSIONS OF NAPHTHALENEACETIC ACID ON THE GROWTH OF 
FLORAL AND VEGETATIVE BUDS OF BELLE PEACH, 1941. FIGURES REPRESENT PER- 
CENTAGE OF BUDS THAT OPENED. CONCENTRATIONS EXPRESSED AS 

MILLIGRAMS OF NAPHTHALENEACETIC ACID PER LITER 




















BLOSSOM BUDS VEGETATIVE BUDS 
TREATMENT —$_$___—_— t 
Exp. 1 Exp.2 | Exp. 1 Exp. 2 

% % % % 
Untreated . 95 76 89 86 
Ti@molim @rm sire. ceceeceeecesccscsecccccccccnceeceee 97 95* 89 84 
Lanolin emulsion plus 100 mg... |... 93* ams 53* 
Lanolin emulsion plus 300 mg. 86+ 97* 29+ 12t 
3% oil emulsion 96 97* 90 98 
5% oil emulsion ere ae ee 89 pte 
7% oil emulsion 94 88 simi 
3% oil emulsion plus 100 mg. ...... .. ie ee 45t 
3% oil emulsion plus 300 mg. ...... Sit 84 20+ 14t 
5% oil emulsion plus 300 mg. ...... ee eS is 11t ms 
7% oil emulsion plus 300 mg. ...... SS Beis 13t ose 





* Significantly greater than untreated at the 5 per cent. level. 
t Significantly less than untreated at the 5 per cent. level. 





22 PLANT PHYSIOLOGY 


or flower buds of peach. Likewise there was no apparent injury to the 
bark or wood of these twigs with any of the concentrations used. 

In a subsequent greenhouse experiment, using comparable twigs, treat- 
ments were made after the buds had begun to swell during the latter part 
of March. Naphthaleneacetic acid did not inhibit the growth of flower buds, 














—— ‘ 
/ 
cm — 
Fig. 2. Effect of naphthaleneacetic acid on the growth of vegetative buds of Belle 
peach. A, 3 per cent. oil emulsion; B, 3 per cent. oil emulsion plus 300 mg. naphthalene- 


acetic acid per liter; C, untreated control; D, lanolin emulsion; E, lanolin emulsion plus 
300 mg. naphthaleneacetic acid per liter. 


nor did it stimulate their rate of growth over that of oil or lanolin emulsion 
controls to which no acid had been added. As in the previous experiment, 
vegetative buds were inhibited by the acid, the number of buds that failed 
to grow being proportional to the amount of acid applied (experiment 2, 
table IIT and fig. 2). 
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DETACHED PEAR BRANCHES 


Cuttings approximately 15 inches long were made from old Kieffer pear 
trees during the 1940 season. These consisted of uniform succulent twigs 
having evenly distributed bud clusters that were yet tightly closed. The 
branches were sprayed once with emulsions containing naphthaleneacetic 
acid, and indoleacetic acid in amounts of 300 mg. per liter. Eighty-eight 
per cent. of the control buds, and approximately 94 per cent. of the buds 
treated with either naphthaleneacetic acid or indoleacetic acid opened dur- 
ing the following 20-day period. The number of treated buds that opened 
was not significantly greater than those of controls, nor was the time of 
blooming significantly changed. 

This experiment was repeated, using lanolin emulsions containing in- 
doleacetic acid in the amounts of 50, 300, and 500 mg. per liter. Cuttings 
were again made of succulent year-old twigs from old trees. At the begin- 
ning of the experiment the buds were only slightly swollen. The sprays 
were applied daily during the following 8-day period. Fewer buds opened 
on treated branches than on controls, but this response was clearly associated 
with injury to the petals, as evidenced by discoloration and lack of growth, 
even in the case of the lowest concentration (table IV). 


TABLE IV 


EFFECT OF INDOLEACETIC ACID ON THE OPENING OF BUDS ON PEAR CUTTINGS. FIGURES 
REPRESENT THE NUMBER OF OPEN BUDS OF FIVE REPLICATIONS AVERAGED 











DAYS AFTER See 50 MG. PER 300 MG. PER 500 MG. PER 
TREATMENT CONTROL LITER LITER LITER 
days 
7 6.3 6.7 8.7 14.0 
8 43.7 32.7 43.7 27.0 
9 23.3 20.0 5.3 6.3 
10 2.7 4.0 1.3 2.3 
11 0.03 0.3 0.0 0.3 
Average number 
opened 76.3 63.7 59.0 50.0 




















FIELD EXPERIMENTS 


Experiments were conducted under field conditions during 1940 in order 
to determine whether the applications of naphthaleneacetic acid in water 
would hasten or retard the opening of the buds of attached branches of 
Elberta peach trees, under conditions that prevailed at the Horticultural 
Station at Beltsville, Maryland. 

Spray applications of 100 or 300 mg. of naphthalenaeacetic acid per liter 
of water, hastened the opening of the flower buds. The treatment was ap- 
plied to individual branches at three different intervals during the swelling 
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period. The initial treatment was made when the buds were tightly closed. 
When approximately 12 per cent. of the control buds had opened, blossom 
counts on all treatments were made. At this time 27 per cent. of those 
treated at the earliest date, 30 per cent. of those treated two weeks later, 
and 40 per cent. of another group of buds treated still 8 days later with the 
growth substance, were in bloom. In these experiments, however, there was 
some variation in behavior between individual trees as would be expected, 
considering the fact that five-year-old trees growing in different parts of an 
orchard were used, and that these varied to some degree in vigor or amount 
of terminal growth. The application of naphthaleneacetic acid did not 
retard the opening of buds in any similar experiments using this substance 
in oil or water. 
Conclusions 


Although the plant material selected for any individual experiment was 
relatively uniform, the twigs chosen for the several different experiments 
necessarily varied during the season with respect to the stage of development 
of buds. It is to be expected that variations also occurred in the plant ma- 
terial of one season, as compared to that of another with respect to food 
reserves, and the physiological condition of the trees as determined by en- 
vironmental conditions that prevailed during the previous season. Nor was 
it possible to control environmental conditions within the greenhouse at all 
times during these experiments. 

Under these conditions variable results were obtained with respect to the 
effect of growth substances on floral expansion of peach. That bud opening 
was stimulated by the application of growth substances the first season; but 
not affected, or even inhibited as a result of injury, when applied to dormant 
buds the following year, was possibly a result of variations in plant materials 
with respect to food reserves or stage of development of the buds. It can 
be concluded, however, that the expansion of floral buds of peach and pear 
was not retarded except as a result of injury, although growth regulating 
substances were applied to detached and attached branches under different 
environmental conditions, and to plant material which varied with respect 
to stage of development and physiological condition. 

It is evident from the present experiments that the application of growth 
regulating substances might, under certain environmental conditions in the 
field, hasten the opening of floral buds. According to results obtained by 
others, the use of these substances has, under still a different environment, 
retarded the growth of floral buds (10). Thus it has not been clearly shown 
that growth regulating substances are, under all conditions, effective in 
retarding the blooming date of peaches and thus their effectiveness in 
preventing frost injury under field conditions is doubtful. 

The growth of vegetative buds, on the other hand, was consistently re- 
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tarded as a result of the application of naphthaleneacetic acid at the con- 
centrations used. These data suggest the possibility, however, of controlling 
the growth of vegetative buds by means of some growth regulating sub- 
stances. This practice may be desirable in the case of transplanted trees 
which, under some conditions develop leaves in advance of an adequate root 
system, or in controlling the premature sprouting of certain tubers. 


Summary 


1. To determine the effect of some growth regulating chemicals on the 
opening of floral buds of peach and pear trees, lanolin and oil emulsions 
containing different amounts of indoleacetic, indolebutyric, naphthalene- 
acetic acids, and naphthalene acetamide, were sprayed on detached branches 
kept under controlled conditions in a greenhouse. These experiments were 
carried out during two successive years. 

2. During the first year, floral buds on detached branches of both Elberta 
and Belle peach opened sooner, and in much greater numbers when treated 
at an early stage of swelling, with naphthaleneacetic acid emulsions, than 
when sprayed with emulsion alone. Naphthalene acetamide had a similar 
effect when applied in the same way to buds of Belle, but had no appreciable 
effect on buds of Elberta. Naphthaleneacetic acid was ineffective when 
applied after the buds were fully swollen but the petals not yet open. 

3. Indoleacetic and indolebutyric acid emulsions had no appreciable 
effect on floral buds of either variety when applied once. Repeated appli- 
cations of indoleacetic acid, made as the buds were swelling, significantly 
increased the number of blossoms that opened on detached branches of Belle. 

4. In February, 1941 injury resulted from spraying dormant floral buds 
of detached peach twigs with naphthaleneacetic acid. Naphthaleneacetic 
acid applied later, after the floral buds had begun to swell, failed to stimulate 
floral expansion above that of oil or lanolin emulsion controls. 

5. An appreciable number of floral buds on attached branches of trees 
grown under field conditions during the first season and sprayed with oil or 
water containing naphthaleneacetic acid, opened at an earlier date than 
did others sprayed with oil not treated. In no case was there evidence of 
retarding the time of blooming. 

6. None of the compounds tested on detached branches hastened the 
opening of floral buds of pear. Repeated treatments with the high concen- 
trations resulted in injury. 

7. The application of naphthaleneacetic acid as a lanolin or oil emulsion, 
retarded the growth of vegetative buds of detached branches of peach. 
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LIME-INDUCED CHLOROSIS OF CITRUS IN RELATION TO 
SOIL FACTORS 
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Introduction 


One of the most important forms of chlorosis (3, 4) still widely dis- 
tributed in some of the best citrus areas is that which may occur when the 
soil contains an abundance of calcium carbonate. An extensive survey of 
soils in citrus orchards in southern California has shown that orchard soils 
may contain considerable calcium carbonate without the leaves of the trees 
showing symptoms of lime-induced chlorosis. Mild symptoms such as a 
slight change of the dark green color of the leaves to a more yellowish green 
may not seriously impair the fruit production provided the growth is 
vigorous and abundant. In fact, frequently some curtailment brought about 
in this manner in the quantity of fruit produced may prove desirable in 
that the size and quality of the fruit may show improvement. When the 
leaf veins become conspicuous because of their greenness in contrast to the 
pale yellow or yellowish green of the leaf blade, it is then that chlorosis may 
require increasing consideration. The soils of many citrus orchards are 
ealeareous and the excellence of some of these orchards is outstanding. The 
data collected during the survey of citrus orchards (8) have indicated that 
a soil may be calcareous and yet not necessarily be alkaline in reaction 
(1) although potentially it may become so under certain conditions. 

Calcium carbonate is one of the buffer substances in soil and has hydro- 
lytic properties that depend not only on the size and form of the particles 
and the amount of colloidal matter (1) but also on the percentage of mois- 
ture present, for it is this factor that permits hydrolysis to proceed. In tests 
of the pH of orchard soils it was concluded (7) that no orchard soil has 
been encountered which, when sufficiently reduced in moisture content, 
failed to show an acid reaction. This was particularly obvious in dealing 
with calcareous soils for, at moisture contents greatly above the moisture 
equivalent, they were quite alkaline while at low moisture contents they 
were acid. 

In some orchard soils the calcium carbonate may occur in a finely divided 
condition and well distributed throughout the soil mass. In this ease the 
color and physical texture of the soil in addition may require the usual acid 
test in order to ascertain whether calcium carbonate is present. In other 
orchard soils the calcium carbonate, while abundantly present, may oceur 
in such a coarsely divided form that large pieces may be collected. Thus 
frequently the pH of the soil (at the 1:5 soil-water ratio) was found to be 
considerably higher in the first than in the second case. 


> hed 
ao 
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In an orchard a very chlorotic tree or a group of chlorotic trees fre- 
quently were found growing among healthy appearing trees. In some cases 
the depth of the top soil to the calcareous subsoil was very shallow under 
the chlorotic, and somewhat deeper under the healthy trees. In many cases 
the calcium carbonate was finely divided and well distributed in both the 
healthy and chlorotic tree areas and even the pH values of the soil gave no 
assuring differences. 

The pH values of the soils in healthy and in chlorotic orchards usually 
clearly indicate differences that can be related to the growth conditions in 
the trees; in the same orchard, however, the pH relation of the soil of 
healthy and of nearby chlorotic areas may not be very clearly indicated. 
Determinations of the soil moisture and moisture equivalent percentages, 
thorough inspections of the orchards visited, together with soil samplings 
and many pH determinations made personally in the field, have been en- 
lightening in regard to the perplexing problem as to why certain trees may 
be chlorotic while others are healthy in a caleareous area. The role of the 
soil moisture supply in the problem of lime-induced chlorosis is an impor- 
tant one. Single or isolated determinations of pH, while helpful, give the 
results under only a given set of conditions. The pH of a soil may change 
from day to day, dependent on the soil moisture supply (5, 9). 

The actual soil moisture percentages in calcareous soils are of impor- 
tance in the pH determination. It is the length of time that the roots of a 
tree are subjected to a given pH [the continuity (6) of a given moisture 
percentage], however, that is of paramount importance in the nutrition of a 
tree. With this continuity go the factors of aeration as well as of sustained 
hydrolysis and its precipitation effects. The key factor in calcareous soils 
that makes for chlorosis is the factor that makes possible the continuity of a 
high moisture percentage in the soil. 

Excessive soil moisture in calcareous soils may be obtained not only by 
the frequent use of large amounts of irrigation water but also by interruptions 
in the percolation of water through the soil. The occurrence of hard pans 
(cemented or compacted layers often containing some proportions of clay) 
with or without calcareous impregnation in the soil above them, retards the 
movement of soil moisture. Unless the greatest care is taken in the irriga- 
tion procedure, injury is likely to result from a too prolonged period of 
excessive soil moisture. Continuous maintenance of a calcareous soil at soil 
moisture percentages as low as that of the moisture equivalent may be in- 
cluded in the excessive soil moisture class. Strata of soil of greatly different 
pore space from that of the contacting layers may serve to create excessive 
soil moisture supplies. Even the coarsest sand as well as the silty clays may 
operate in this manner. 


When there is no calcareous impregnation in the soil, such retardations 
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in the movement of soil moisture (while uot bringing about any marked pH 
changes) do prevent the aeration of the roots and injure them, which in 
turn interferes with the nitrogen nutrition of the tree. The veins in the 
oldest leaves become yellow or white and the abscission of affected leaves 
may take place before an appreciable change occurs in the color of the leaf 
blade. When injury is severe, only the youngest leaves remain attached. 
With a caleareous soil, excessive soil moisture results in high pH values that 
make iron unavailable without or within the tree and chlorosis then becomes 
evident, often without a serious premature loss of old leaves. 

In the caleareous areas the better trees were usually found in soil in 
which the moisture equivalents either decreased or remained relatively un- 
changed with increasing depth. In the healthy tree areas the roots were 
contacting soil of lower water-holding power as they advanced with in- 
creasing age deeper into the soil mass. Opportunity thus was afforded the 
roots for growing in soil of lower pH values and for increased availability 
of minor elements, as well as for better aeration (6). The chlorotic trees 
frequently were growing in caleareous soils, the moisture equivalents of 
which increased steadily in heavy soils or abruptly in lighter soils with 
increasing depth. 

The present paper supplies data for the soil conditions in chlorotic citrus 
orchards in contrast »vith those in healthy orchards (8), for chlorosis in 
citrus trees is an accompaniment of certain soil conditions. Data are also 
given to show the changes in the pH values of soils with the topographical 
location of the orchard in a given citrus area and the relation of minor 
element deficiencies to the observed pH values. 


Methods 


Previous papers (7, 9) have fully discussed the methods involved in 
studies of the kind here reported. Close examination of the orchards, sam- 
pling of the soils, determinations of pH in the field and in the laboratory, 
together with supplementary tests such as soil moisture percentages and 
moisture equivalent values, have permitted the bringing together of data 
from which to form an advantageous viewpoint. Since no satisfaetory iron- 
containing spray has as yet been found for citrus, the approach to the 
correction of chlorosis has of necessity been from the soil standpoint. 

The selection of orchards in particular areas was made with the view of 
following the changes in the environment and behavior of orchard trees 
with increasing or decreasing elevations in the orchard location. 

The studies extended throughout the year and in this way the relation 
of the soil conditions applied to the general tree condition rather than to 
that of a particular growth cycle. 

The depth of the sample represents the auger or soil tube cores for the 
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interval of depth between the bottom of the previous sample and the great- 
est depth indicated. Where data are given for pH values in soil in situ, the 
values are for a particular location at the depth indicated rather than for 
an extensive interval in depth. 


Results 


Data for the soils of a number of chlorotic and healthy citrus orchards 
are shown in table I. Orchards nos. 1 and 2 adjoin one another and the ages 
of the trees are 25 and 35 years, respectively. Orchard no. 1 consists of 40 
acres and the soil has received large applications of ammonium sulphate 
over a period of years and now receives liquid (acid) fertilization in the 
irrigation water. Orchard no. 2 also consists of considerable acreage and the 
trees are budded on sweet orange rootstock. The pH of the irrigation water 
is 8.31. Two and one-half pounds of nitrogen in the form of gas ammonia 
have been used per tree per year for the past 7 years. Table I shows the 
striking pH differences. The soil in orchard no. 1 is not so wet as that of 
no. 2 and the pH values at the field moisture content are the more acid in 
no. 1. The soil in orchard no. 2 contains considerable calcium carbonate as 
indicated by the marked upwelling of the soil when the juice of green lemons 
is added. Extreme care in not irrigating orchard no. 2 before the soil mois- 
ture content is sufficiently low, has greatly reduced the occurrence of chloro- 
sis in this orchard. 

The first three samples in orchard no. 3 were taken in the upper portion 
of the steeply sloping orchard where the trees were healthy, while the sec- 
ond three samples were taken from the lower or affected portion. The soil 
in both locations was very friable and in excellent condition. Although the 
soil samples from orchard no. 3 were brought to the laboratory in closed-tin 
containers before making the tests, the pH values nevertheless are of inter- 
est. The data in table I suggest that the soil in the lower portion of the 
orchard contains hydrolyzable substances (probably calcium carbonate). 
The irrigation furrows that run straight down the steep slope tend to keep 
the soil at the lower portion of the orchard moist for a longer time than that 
in the upper portion. 

Orchard soils may contain considerable calcareous material and still re- 
main healthy when the irrigation is carefully done. Orchard no. 4 consists 
of excellent 18- to 20-year-old trees. The trees in orchard no. 5 are 17 years 
of age and have averaged 6 field boxes the past two years. The soil in or- 
chard no. 5 receives two pounds of nitrogen plus 6 cubie feet of steer manure 
per tree per year. 

The trees in orchard no. 6 are 15 to 20 years of age and are of outstanding 
excellence even though an abundance of calcium carbonate can be seen in the 
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dark soil. It will be seen from the data for these orchards (nos. 4 to 6 inelu- 
sive) in table I that while the pH values of the soil at the 1: 5 soil-water ratio 
show strong hydrolytic potentialities, the pH values of the soil at the field 
moisture percentages (that were close to those of the moisture equivalent) 
in most cases were acid. These data illustrate the fallacy in assuming the 
pH values at the 1: 5 soil-water ratio as being necessarily those found under 
field conditions. 

The trees in orchard no. 7 are 10-year-old Valencia orange on sweet 
orange rootstock and in previous years have been affected with chlorosis. 
The pH values at the field moisture content show the soil to be acid while 
the values at the 1: 5 soil-water ratio show the alkaline potentialities. 

Orchard no. 8 consisted of large old trees that were extremely chlorotic. 
The samples tested in the field were re-tested later the same day and in some 
cases the pH values increased during storage in closed tin containers. 

Orchard no. 9 consists of about 100 acres on which are growing some of 
the oldest and largest Valencia orange trees in that area. The soil is basin 
irrigated and the trees in certain areas are seriously injured by chlorosis. 
Some of the trees bordering the chlorotic area are considerably younger and 
the leaves are a yellowish green and may be considered partially affected. 
As the trees become more mature the chlorosis symptoms are more promi- 
nent. Many of the trees in this orchard become increasingly chlorotic dur- 
ing the rainy winter season and become increasingly free of chlorosis as the 
soil dries out in late spring. With time, much dead wood occurs in the trees, 
damaging fruit that contact it. One of the chief causes of chlorosis in such 
orchards is the nature of the irrigation schedule which must be adhered to 
rather rigidly in order to cover the acreage before the next irrigation period. 
Were the soil permitted to enter the rainy season in a rather dry condition, 
considerable danger of wind injury would result were a dry, hot, desert wind 
suddenly to oceur. Portable low sprinklers for better irrigation control are 
now being used with much promise. 

Although orehard no. 10 (27-year-old trees) was once a show place for 
excellent trees and is still in fair condition, it now produces fruit of small 
size and the leaf growth indicates the presence of some chlorosis and minor 
element deficiencies. The pH values at the field moisture content were all 
slightly acid while the hydrolytic potentialities at the 1:5 soil-water ratio 
showed an increase with depth. 

The trees in orchard no. 11 are 18 years of age and are still in good health 
(as compared with somewhat chlorotic older trees adjacent to them). The 
fertilizer applied to the orchard soil used to be 5 to 7 cubie feet of manure 
plus 5 pounds of ammonium sulphate per tree per year but has been changed 
to double the commercial, in the absence of any organic fertilizer. The fruit 
sizes in this area have been smaller than desired for some time. 
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Orchard no. 12 consists of 108 acres of 30-year-old trees. In the area 
sampled, the irrigation water was run from two directions which brought too 
much water to the low places. Hog manure and 12 pounds of ammonium 
sulphate was the fertilizer applied to the soil per tree per year. Although 
large, this orchard has not given satisfactory performance. With the lowest 
moisture content, the pH of the soil at field moisture content was also lowest. 

The trees in orchards 13 to 15, inclusive, show varying degrees of chlo- 
rosis ; those in no. 15 are 40 years of age. Table I shows the very low mois- 
ture equivalents and the high moisture percentages for the second and third 
foot depths in orchard no. 15. It is possible that heavier soil occurs at a 
somewhat greater depth. This phase will be given greater attention in later 
tables. 

In the Covina Highlands area there are extensive plantings of lemon and 
avocado trees on the hillsides and the yellow, or chlorotic, trees can be seen 
for some distance. In one lemon orchard the moisture equivalents of the 
first and second foot of soil were 41.9 and 41.8 while the pH values at the 
1:5 soil-water ratio were 8.31 and 8.29, respectively. In the chlorotic avo- 
cado areas, the corresponding moisture equivalents were 37.6, and 37.7, and 
the pH values 8.09, and 8.31, respectively. These soils not only have high 
moisture holding capacities but also are caleareous. They remain at high 
moisture content continuously for long periods during which their pH values 
are high. 

Table I shows the higher pH at the field moisture content of soil in chlo- 
rotic orchards and the accompanying pH values (about 8.3 or above) at the 
1:5 soil-water ratio. The soil in healthy orchards may have the high pH 
values at the 1:5 soil-water ratio but at relatively low field moisture per- 
centages the soils react acid somewhere in the root zone. 


PH OF SOILS, DEFICIENCY SYMPTOMS, AND THE LOCATION OR ELEVATION 
OF ORCHARDS 


The better orchards are often found at the higher soil locations in a given 
area. This occurrence is often attributed to higher air and soil tempera- 
tures, better air and soil drainage, greater freedom from alkali salts, and to 
other factors. Opportunity was afforded in two areas to investigate the pH 
relation of the soil to minor element-deficiency symptoms and to the location 
or elevation of the orchard. 

The orchards (each 10 acres or more in size) referred to in table IT, are 
located progressively in the range from high up on the valley and close to 
the virgin hill area down to the low-lying citrus orchards approaching a 
creek. The data in table II indicate that the pH values at the 1: 5 soil-water 
ratio were high in the soil of every orchard investigated. Later in the day, 
the orchard tests of pH at the field moisture content were repeated in the 
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laboratory, making use of the soil samples stored in tightly closed ccntainers. 
The data in table II’ indicate that, in general, the pH values of the stored 
samples from the higher situated orchards nos. 1 and 2 decreased while in 
nearly all of the stored samples from the lowermost orchard no. 6, the pH 
values increased with storage. The réle that sodium and calcium carbonate 
play in this change during storage is not known. 

The trees in the excellent orchards no. 1 and 2 are 47 years of age and 
show a slight chlorosis. Orchard no. 1, since 1912, has used no cover crop, 
organic matter, or cultivation, and has used calcium nitrate exclusively as 
the sole fertilizer. Its past four year average was 400 packed boxes per 
acre. The first location was between the second and third furrows while the 
second location was under the second furrow. The location in orchard no. 
2 was under the second furrow. Here, in contrast to orchard no. 1, culti- 
vation, cover crop, and ammonium sulphate have been used. At the field 
moisture content the soil in both orchards was generally acid. The pH 
values for the soil in situ also were indicative of an acid condition. 

The remaining orchards (table I1) showed minor element deficiencies 
and some chlorosis, the orchards becoming increasingly poorer toward the 
base of the slope. The grapefruit orchard (no. 4) was of special interest. 
Some of the more severely chlorotic old trees were selected as a group the 
soil of which was to be treated in various ways with sulphur. The soil at 
the time of sampling was fairly dry (table II) and it was decided to wait 
until after the irrigation before making holes in the soil for the sulphur 
applications. Returning to the orchard several weeks later it was found 
that the soil had been furrowed but that the irrigation would not begin until 
later that same day. The delay in applying water to the soil had caused a 
temporary wilting of some of the leaves and it was difficult to locate trees 
having any symptoms of chlorosis. Thus a sufficient reduction in the soil 
moisture condition was accompanied by the greening of the chlorotic leaves. 
This situation was comparable to another chlorotic orchard of Valencia 
oranges in Orange County in which it was not possible to secure water for 
a season and in which, to the surprise of many, the chlorotic nature of the 
foliage disappeared. 

A series of orchard soils were also sampled in the La Verne area, begin- 
ning with an orchard ten acres distant from the virgin foothills and ending 
with an orchard far down in the floor of the valley. Table III shows the 
data obtained. 

In orchard no. 1 the trees were 42 years of age with an average yield of 
10 or more field boxes per tree per year. Three pounds of nitrogen per tree 
per year were used and the soil was irrigatd by the sprinkler system. No 


1 Thanks are extended to Mr. O. C. Compton of the Division of Irrigation for assist- 
ance in the pH tests reported in table II. 
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cultivation or organic fertilizers were used. Table III shows the acid con- 
dition of the soil toa depth of 4.5 feet. A short distance down the slope is 
orchard no. 2 with large dark green trees and an acid soil. Orchards nos. 3 
and 4 adjoin each other and are about the same distance farther down the 
slope. Very large oak trees thrive down the slope to a distance including 
the first four orchards; in some orchards the oak trees were allowed to re- 
main. In orchards nos. 3 and 4 zine-deficiency symptoms were evident in 
the leaves and although the 40-year-old trees were large and in good condi- 
tion this deficiency, together with the reduced fertilization and possible 
presence of oak root fungus, were affecting the yield. 

Beginning with orchard no. 5, the acreage is very large and the irrigation 
water contains about 385 p.p.m. of total solids of which about 40 p.p.m. are 
sodium, 4 p.p.m. magnesium, and 31 p.p.m. calcium. Water penetration 
into the soil is difficult below a depth of 2 feet and in orchards nos. 5 to 8, 
inclusive, mesophyll collapse has been serious during the late summers of 
1939 and 1940. Zine-deficiency symptoms were evident in slight amount in 
no. 5, but abundant in no. 6. In nos. 7 and 8 chlorosis was severe, especially 
so in the case of lemons. Table III indicates the progressive changes in the 
pH values in the soil that accompanied the changes in the tree condition in 
the various orchards distributed in the range from the higher to the lower 
levels. This is only the second such grouping of orchards investigated. In 
other citrus areas where the soils in the higher locations may be shallow and 


the hard pan or the dense calcareous subsoil is near the surface, it is possible 
that a reversal or change in the gradient may be found. The two group- 
ings studied were in areas of deep soil where the slope could be followed for 
a considerable distance. It should be stated that 10 pounds of sulphur in a 
furrow close to one side of the trees and extendingly only half way to the 
drip has been of material aid in greatly improving the tree condition in 
orchards nos. 7, and 8. 


SOIL MOISTURE AS A FACTOR IN CHLOROSIS 


In lime-indueed chlorosis it is the soil moisture that permits the lime to 
hydrolyze and induce the chlorosis. The data in table IV show how soil 
moisture may become such an important factor. In orchards nos. 1 to 6, 
inclusive, there is no chlorosis present and these orchards may serve as con- 
trols. Orchard no. 1 has just been planted on virgin land that lies directly 
above orchard no. 2 in which 27-vear-old trees are growing. Acid is used 
in the water in orchards nos. 2, 4, and 5. The trees in the 20-acre orchard no. 
3 are dark green and the average yield is 10 to 12 field boxes per tree per 
year. In the soil of orchards nos. 4 and 5 there is present some calcium car- 
bonate as indicated by the pH at the 1:5 soil-water ratio (table IV). In 
orchards nos. 4 and 5 great care is taken to control the soil moisture and the 
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soil is kept as dry as is advisable. In this way, together with the acid treat- 
ment of the irrigation water, chlorosis is prevented. The average yields are 
2.5 and 5 field boxes, respectively, for the 10-year-old trees in orchards nos. 
4and5. Orchard no. 6 has a very sandy soil underlaid at about 3 feet with 
a very hard compacted soil (Ramona loam) that greatly retards drainage. 
Without sufficient buffer or calcium carbonate content the pH values 
(orchard no. 6) at high moisture content indicate acidity and no chlorosis. 

The soils in orchards 1 to 6, inclusive, contain hard or impervious layers 
at various depths or increase their moisture-holding power with an increase 
in depth. When the soils were calcareous, no chlorosis occurred when the 
soil moisture content was controlled and where this was supplemented with 
acid in the water. When the soils were not calcareous and the soil moisture 
was not controlled, chlorosis did not occur although the roots were injured 
and the oldest leaves were lost prematurely. Such injury is commonly 
ascribed to what is known as over-irrigation. The control of moisture in 
soils in which the compacted or heavier soil layer is relatively close to the 
soil surface, may allow so little effective soil that the growth of the trees 
may become most limited as is suggested by the yields in orchard no. 4. 

The data for the avocado orchard (no. 7) are included for the purpose 
of comparison with citrus. The orchard contains its own control trees. The 
higher area, in which healthy trees occur, was first sampled, followed by the 
lower area in which most of the trees are dead. The data in table [IV show 
the abrupt change in moisture equivalents in the samples from the lower 
area in the orchard. With calcareous deposits not evident except in the 
dense subsoil at a depth of three feet in which roots could seareely pene- 
trate, it is reasonable to assume that the pH of the soil was not the factor 
responsible for the death of the trees and that this condition resulted from 
a lack of soil aeration (6). 

The large, old trees in orchard no. 8 were chlorotic as well as nitrogen- 
deficient and the soil was very wet, free water occurring above the clay at 
the 4-foot level. Each basin irrigation for the remaining healthy trees 
added to the injury of the affected trees, for the basins of every tree were 
irrigated alike. 

Chlorosis was most severe in orchard no. 9; the pH values of the soil 
were high and the moisture equivalents increased markedly with increased 
depth. Orchard no. 10 consisted of 50-year-old trees and had only a 5 field- 


box average. In the sandy soil in orchard no, 11 the moisture percentage 
values changed abruptly in the second foot and the growth of these 10-year- 
old trees indicated the high pH values in the soil. Orchard no. 12 consists 


of young chlorotic trees while orchard no. 13 consists of old trees that show 
both zine and iron deficiencies. The trees in orchard no. 14, which is 10 aeres 
in extent, are also very chlorotic. 
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Old Valencia orange trees in an orchard near Anaheim were basin irri- 
gated and were very chlorotic. A trench slightly more than one foot deep 
was made just inside the ridge of a basin and only two small roots were 
found. Under the tree in the dry area within two feet from the trunk there 
was an abundance of roots. The moisture equivalents of the first and second 
foot of soil were 5.6 and 4.0, respectively. The soil is caleareous and dense 
clay layers occur at various depths above 3.5 feet; this tends to keep the 
upper soil layers continuously at a high moisture content. The continuous 
and high hydrolysis of the calcium carbonate was accompanied by symp- 
toms of chlorosis in the leaves. The inability to secure water with which to 
irrigate such an orchard during much of the season, frequently is of benefit 
to the chlorotic trees. 

In table V are given data (obtained from a number of orchards in Orange 
County) in support of the view that it is frequently the continuity of a given 
high moisture supply that is responsible for the occurrence of chlorosis. The 
samples from orchard no. 1 show a considerable hydrolysis at the 1:5 soil- 
water ratio. The moisture equivalent decreases until the fourth foot depth 
where a dense clay is encountered. The soil is tile drained but as the mois- 
ture percentages indicate, the excess of soil moisture increases with depth. 

Orchard no. 2 consists of 35 acres of 23-year-old trees. The soil is eal- 
careous and is a fine sandy loam in the first six inches followed by a silt loam 
to the fourth foot where it becomes a coarse sand. This is underlaid by a 
heavy soil which maintains a continuously high moisture content. Even 
without the heavier soil, the fourth foot of soil, because of its abrupt change 
of pore space, possibly serves to maintain the soil-moisture above it at a high 
level. 

Orchard no. 3 consists of 22-year-old trees growing in soil that is irri- 
gated by the basin system. The first foot of soil is very sandy. The second 
foot is also sandy with dense clay in its lower portion. The sand and clay 
fractions were easily separated by hand, the data for the sand fraction in 
the second foot being given first (table V). The third foot of soil consisted 
entirely of clay. The difficulty in irrigating such soil is that this clay layer 
varies in thickness and in its depth below the surface of the soil. In such 
eases each basin becomes an irrigation problem of its own. Many of the 
soils (2) that were made by the action of the Santa Ana river present such 
irrigation problems. 

In March 1938 the Santa Ana river flooded the 26-year-old orchard no. 4. 
Below the first six inches the moisture equivalents of the soil samples taken 
near the drip of a healthy tree show no abrupt change with depth while 
those of the samples taken near the drip of a chlorotic tree increase with 
depth. The pH values at the 1:5 soil-water ratio for the samples from the 
healthy area are lower than those of the chlorotic area. Three rows away 
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from the chlorotic tree were fairly green trees. The pH values at the 1:5 
soil-water ratio of soil for corresponding depths at the drip of one of these 
fairly green trees were 8.13, 8.37, 8.89 and 8.71, respectively, while the mois- 
ture equivalents were 13.4, 11.6, 8.1 and 18.4, respectively. Although these 
pH values were high and an abrupt change occurred in the moisture equiva- 
lents of the second and third foot samples, the soil was sufficiently light and 
permeable to permit rapid drainage and thereby prevent a severe case of 
chlorosis. 

The trees in orchard no. 5 were planted three years ago. Some trees were 
very chlorotic while others adjoining them were healthy. The soil at the 
drip of two such adjacent trees in a row was sampled. The data in table V 
indicate that the soils were quite wet for the sampling occurred during the 
rainy season. It is common field knowledge, and many times experimentally 
shown with controlied laboratory cultures with citrus, that a chlorotic tree 
uses less moisture than a healthy green tree of approximately the same age. 
During warm weather the healthy tree withdraws the soil moisture more 
rapidly than does the chlorotic tree, thereby the more profoundly reducing 
the pH values of its soil at the field moisture content (7, 8). The moisture 
equivalents of the soil from under the healthy tree decreased with increas- 
ing depth while the opposite gradient occurred in the samples from under 
the chlorotic tree. Thus the advancing roots of the healthy tree enter soils 
of lower and lower moisture-holding power with increasing depth while 
those of the chlorotic tree must penetrate soil of increasing water-holding 
power (7). 

The 26-year-old trees in orchard no. 6 are on sweet orange rootstock and 
the soil has received manure and ecaleium nitrate. Two adjacent trees in a 
row were selected as being a healthy tree in one case and a chlorotic tree in 
the other. When the sampling occurred the soil was quite moist. The pH 
values were slightly higher in the samples taken at the drip of the chlorotic 
tree. The moisture equivalent values were fairly constant, and low, in the 
soil under the healthy tree while they were abruptly higher after the second 
foot of soil under the chlorotic tree. 

Chlorosis has been a factor in orchard no. 7 for the past 15 years. Or- 
ganic fertilizers were used from 1925-1932 after which ammonium sulphate 
was used exclusively. Twelve pounds of iron sulphate per tree per year 
has been broadeast or placed in the irrigation furrow. The orchard is on a 
slope with the better trees in the upper half. The first samples were taken 
in the middle between the furrows and the second ones were taken in a 
furrow. Samples were collected near a healthy tree in the upper half and 
likewise near a chlorotic tree in the lower half of the orchard. The data 
show that in the soil near the healthy tree the moisture equivalent values 
decreased with increased depth while in that near the chlorotie tree they 
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increased rather than decreased. In this orchard when iron sulphate was 
first used, various amounts were applied broadcast in the tree square. Al- 
though the amounts tested ranged from 50 to 200 pounds per tree square, 
only at the 200 pound application was the healthy color restored in the 
leaves. 

The broadcasting of sulphur (1000 pounds per acre) was of little or no 
value as regards the pH of soil in a 5-acre orchard of 10-year-old Valencia 
orange trees on sour orange stock as compared with no sulphur in the other 
5-acre portion of an original 10-acre tract. In the sulphured orchard for 
example at the 0.5, 1.0, 2.0, and 3.0-foot depths, the pH values at the 1:5 
soil-water ratio were 7.74, 8.07, 8.42, and 8.54, respectively, as compared 
with 7.87, 8.26, 8.43, and 8.64 in the unsulphured orchard. No significant 
differences occurred in the pH values at the field moisture content. 

When sufficient sulphur is localized the effect on the pH of the soil is 
obvious. Fifty pounds of sulphur broadcast in a tree square in a 30-year- 
old Valencia orange orchard changed the pH of the first and second six 
inches of soil from 7.63 and 7.69 to 3.70 and 6.06, respectively, at the 1: 5 soil- 
water ratio and from 4.89 and 5.28 to 3.36 and 4.93, respectively, at the 
field moisture content of about 20 per cent. (m.e. 23 per cent.). Sulphur, 
lime sulphur, iron sulphate, sulphuric and phosphoric acids, as well as acid- 
forming nitrogenous fertilizers, are now used in the overcoming of chlorosis. 
In a chlorotic orchard a thorough knowledge of the soil conditions together 
with the control of soil moisture is essential in order to minimize the 
hydrolysis of the calcium carbonate. 


Summary 


Lime-indueed chlorosis is an important physiological disturbance in the 
nutrition of citrus. A calcareous soil is potentially, but not necessarily, an 
alkaline soil and therein lies some hope in dealing with this problem. 

The tree condition and soil pH values in orchards in certain citrus areas 
changed with increasing or decreasing elevations in the orchard location. 

At moisture percentages near or greatly above the moisture equivalents, 
caleareous soils may be quite alkaline while at low moisture contents they 
may be quite acid. The pH values of a soil at the field moisture content and 
at the 1:5 soil-water ratio are usually lower in the soils of healthy than in 
those of chlorotic orchards. When the soils of adjacent healthy and chlorotic 
trees are sampled the pH relation may require supplementary data such as 
the moisture percentage and moisture equivalents. 

The length of time that the roots of a tree in a caleareous soil are sub- 


jected to a given pH and hence the continuity of a given soil moisture per- 
centage are of importance in the problem of chlorosis. With this continuity 
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go the factors of aeration as well as those of sustained hydrolysis and its 
precipitation effects. 

In healthy citrus tree areas in calcareous soils the moisture equivalents 
either decreased or remained unchanged with increasing depth. In chlorotic 
areas in caleareous soils the moisture equivalents steadily increased in heavy 
soils and abruptly increased in lighter soils with increasing depth. A 
knowledge of the soil conditions and the control of soil moisture is essential 
in the overcoming of chlorosis in citrus. 
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increased rather than decreased. In this orchard when iron sulphate was 
first used, various amounts were applied broadcast in the tree square. Al- 
though the amounts tested ranged from 50 to 200 pounds per tree square, 
only at the 200 pound application was the healthy color restored in the 
leaves. 

The broadeasting of sulphur (1000 pounds per acre) was of little or no 
value as regards the pH of soil in a 5-acre orchard of 10-year-old Valencia 
orange trees on sour orange stock as compared with no sulphur in the other 
5-acre portion of an original 10-acre tract. In the sulphured orchard for 
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go the factors of aeration as well as those of sustained hydrolysis and its 
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SOME FACTORS INFLUENCING THE UTILIZATION OF IN- 
ORGANIC NITROGEN BY THE ROOT ROT FUNGUS! 


Paut J. TALLEY AND LESTER M. BLANK 


(WITH ONE FIGURE) 


Introduction 


The utilization of different forms of nitrogen by Phymatotrichum omni- 
vorum (SHEAR) Duaaar has been studied by Neat, Wester, and GuNN 
(4), and by Ezexie,, TAUBENHAUs, and Fupce (3). The former used rela- 
tively high concentrations of ammonium nitrate and ammonium sulphate 
in an acid culture medium, and reported that salts containing the am- 
monium ion were poor sources of nitrogen and were even toxie to the 
organism. They obtained fair growth with nitrates. Ezextren et al. reported 
that the organism used potassium nitrate, ammonium sulphate, ammonium 
nitrate, and organic nitrogen. They obtained the best growth with am- 
monium nitrate. Potassium nitrate appeared to be a better source of nitro- 
gen than ammonium sulphate. There seems to be no basis for STEINBERG’s 
listing P. omnivorum in group three (8) under the scheme of classification 
employed by Ropsins (6), since this group includes those organisms capable 
of using only ammonium and organic nitrogen. The work of EzEKIEx et al. 
and of Neat et al. would place the root rot fungus in group two, which is 
comprised of organisms able to obtain their nitrogen from nitrates, am- 
monium salts, or organic sources. 

The absence of growth reported by NEA ef al. when ammonium com- 
pounds were added to the nutrient solution suggested to Streets (9) the 
utilization of ammonium salts as a practical method for the control of the 
root rot disease. The latter reported good results in controlling the disease 
in this manner. Since these results appeared to be at variance with the 
experiments reported by Ezexren ef al. which indicated that ammonium 
nitrate was an excellent source of nitrogen, it therefore seemed desirable 
to test thoroughly the relative nutritional values of the various inorganic 
forms of nitrogen. The present studies should answer some of the questions 
eoncerning the value of ammonium compounds as nutrients or as toxic 
agents for the root rot fungus. 


Materials and methods 


The cultural methods used in these studies were modifications of those 
employed in earlier studies with this organism on the effect of the trace 
elements (1) and have been described in some detail in a study of the salt 


1 Published with the approval of the Director as Technical Contribution no. 613 of the 


Texas Agricultural Experiment Station. 
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requirements in synthetic nutrient solutions for the growth of this organism 
(10). The inoculum employed in the earlier experiments herein reported 
was from a culture of P. omnivorum designated as isolate 28. In the later 
experiments isolate 53 was used. Routine tests were made which demon- 
strated that the growth and culture responses of these isolates were similar. 
The basic nutrient solution contained 0.008 M K.HPO,, 0.003 M MgS0O,, 
0.002 M KCL, and additions of 2 p.p.m. each of Fe, Mn, and Zn. Glucose 
supplied at the rate of 40 gm. per liter was the source of carbon throughout 
these studies. The variables in these experiments were limited to the sources 
and amounts of inorganic nitrogen unless otherwise indicated. All cultures 
were incubated at 28° C. and the dry weights of the fungal mats were 
adopted as the measures of growth and utilization of the various types of 
nitrogen. 


Experiments and results 


A series of eleven different nutrient solutions, each containing the same 
amount of nitrogen, was prepared. The first solution, which was the stand- 
ard for comparison throughout this series, contained 0.025 M NH,NO3. 
There were three different solutions containing only nitrate nitrogen. They 
consisted of one with KNO,, another with Mg(NO,)., and another with a 
mixture of KNO,; and Mg(NO,). combined in such a way as to supply the 
desired amount of nitrate nitrogen while maintaining the same K to Mg 
ratio that existed in the basic solution. There were seven different nutrient 
solutions containing all their nitrogen as ammonium. Three of these were 
prepared by using NH,Cl, (NH,).S0O,, or (NH,).HPO,. Three more were 
prepared by using these same ammonium salts in combinations of two’s. In 
each of these cases the proportion of the two ammonium salts was such as to 


maintain the same ratios of their respective anions as existed in the original 


basic solution. The final ammonium solution was prepared by using all 
three of these ammonium compounds in the correct proportions to main- 
tain the original ratio of PO,: SO,: Cl oceurring in the standard basie solu- 
tion. None of these eleven solutions introduced any new ions into the 
culture solution, excepting those introduced as impurities, and all contained 
the same amount of nitrogen. The types and concentrations of the nitrog- 
enous salts used in these solutions are given in table I. Each solution was 
prepared in 500-ml. portions and then divided into 50-ml. portions, auto- 
claved, and inoculated. The pH of each type of solution was measured after 
autoclaving. All pH measurements were made with a pH meter equipped 
with a glass electrode. Harvests of four flasks of each series were made on 
the 18th and 24th day after inoculation. The mean weights of the dry mats 
and the range of the final pH measurements of the culture solutions are 
given in table I. 
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TABLE I 


GROWTH OF P. omnivorum IN NUTRIENT SOLUTIONS WITH NITROGEN SUPPLIED BY VARIOUS 
INORGANIC SALTS 











- | GROWTH RESPONSE GROWTH RESPONSE 
NITROGEN SOURCES 
rs oe PH AFTER 18 DAYS AFTER 24 DAYS 
| 
| ORIGINAL 
CONCEN- 
SALTS USED TRATION | PH RANGE | MEAN WT.| PH RANGE MEAN WT. 

















M mg. 


NH,NO, ............ | 0.0250 | 4.3-4.7 665 
KNO, _| 0.0500 ; 7.1-7.3 608 
Mg(NO,), . | 0.0250 ; 7. J 424 


| 0.0364 
Mg(NO,). ... | 0.0068 


NH,Cl ....... 0.0500 
(NH,).80, ........ | 0.0250 
(NH,) HPO, 0.0250 
NH,Cl+ ........ | 0.0125 
(NH,).80,.... | 0.0188 
NH,Cl+ | 0.0055 
(NH,),HPO, 0.0222 
(NH,).S0,+ .... | 0.0068 
(NH,),HPO, | 0.0182 
NH,Cl+ ccc | 0.0042 
(NH,).80,+ | 0.0063 








(NH,) HPO, 0.0167 6.9 3.0-3. 190 


The results show that the fungus can use ammonium or nitrate nitrogen. 
One would be justified in assuming that ammonium was a poor source of 
nitrogen and that the nitrates were good, except for the lowering of the pH 
that occurred with the small amount of growth with ammonium. In the 
culture flasks containing only ammonium nitrogen the pH dropped to 3.1 
or below. Only two individual cultures were exceptions to this very low pH 
at the time of harvest and they were accompanied by the smallest mat 
weights. It could be assumed in these two cases that the higher pH values 
were either the result of a failure to grow rapidly or the results of an early 
cessation of growth and accompanying autolysis. Regardless of these 
exceptions, it is evident that growth results in a lowering of the pH when 
ammonium is the only source of nitrogen. This low pH value tends to sup- 
press the growth of P. omnivorum. 

The ability of the organism to use nitrates cannot be doubted. The eul- 
tures growing in nitrate solutions had the expected increase in pH, which was 
most noticeable in the flasks producing the heaviest mats. The most rapid 
growth was produced on those solutions with an extra amount of potassium, 
but the heaviest mats were produced in solutions in which the basic balance 
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between K and Mg was maintained. It is evident that the relative values of 
ammonium and nitrate nitrogen in the nutrition of the fungus cannot be 
ascertained unless the divergent shifts in the pH values are controlled. 


INFLUENCE OF CACO, ON NITROGEN UTILIZATION 


An experiment on the utilization of ammonium was conducted in which 
the seven types and combinations of ammonium salts listed in table I 
served as the sources of nitrogen. A nutrient solution containing 0.025 M 
ammonium nitrate again served as the control or basis of evaluation. In 
this experiment each nutrient solution was prepared in the proper amount 
to yield twenty portions of 50 ml. To ten of these portions enough calcium 
carbonate was added to bring its concentration to 0.025 M. This amount 
of calcium carbonate should neutralize all of the acid that would be developed 
from any of the ammonium salts if all of their ammonium ions and none 
of their anions were absorbed by the growing organism. The fungal mats 
from four cultures of each type of solution were harvested after 20 and 24 
days incubation. The results of this experiment are given in the lower 
portion of table IT. 

While the growth in this experiment was poor, as indicated by the 
light mats obtained from the control solution (NH,NO,), the results with 
the different ammonium salts and their various combinations, when calcium 
carbonate was omitted, gave the same general trend obtained in the pre- 


vious experiment. Growth on ammonium chloride, ammonium sulphate, and 
the combination of the two salts was limited and was accompanied by a 
marked increase in acidity. Ammonium phosphate again was the best source 
of ammonium nitrogen. The combinations of ammonium phosphate with one 
or both of the other ammonium salts were better than the sulphate or chloride 
of ammonium used singly or in combination. 


The addition of calcium carbonate to the various ammonium solutions 
produced a significant improvement in nitrogen relations as indicated by 
the heavier mat weights. This was not evident in the ammonium nitrate 
solution but its pH did not change sufficiently to become a dominant 
factor during growth when calcium carbonate was omitted. The beneficial 
action of calcium carbonate is most noticeable with ammonium chloride, am- 
monium sulphate, and combinations containing one or more of these salts in 
appreciable quantities. 

Another experiment was performed using potassium nitrate, magnesium 
nitrate, and a mixture of the two. The amount and proportions of these 
nitrates was the same as in the corresponding solution shown in table I. 
An additional series supplying the same amount of nitrogen in the form of 
calcium nitrate was included. The basic solution using ammonium nitrate 
was the standard control. All nutrient solutions were prepared with and 
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without 0.025 M calcium carbonate. The results are given in the upper part 
of table II. The weights of the mats produced in the solutions without cal- 
cium carbonate confirm the results shown in table I. There was an increase 
in pH resulting from growth with nitrate nitrogen. This was most pro- 
nounced in the case of the solution containing calcium nitrate, which was 
the poorest of the four nitrate sources. The addition of calcium carbon- 
ate produced no beneficial changes in mat weights except in the solutions 
containing potassium nitrate alone or in combination. There appeared to 
be some beneficial action of calcium carbonate in solutions in which the 
content of potassium was increased. The poor growth with calcium nitrate 
indicates that calcium compounds were present in excess of the optimum 
amount. 


INFLUENCE OF MGCO, Anp Na.CO, ON NITROGEN UTILIZATION 


The general effect of CaCO, on the utilization of ammonium nitrogen 
was to increase the amount of growth and to prevent to a certain degree 
the accompanying decrease in the pH of the nutrient solutions. Since 
there was an indication of some action of calcium carbonate which might 
be attributed to the effect of the calcium ion, it was considered advisable 
to repeat the experiments reported in table II, using magnesium carbonate 
and sodium carbonate instead of calcium carbonate. These experiments 
gave some interesting effects which were ascribable to the increase of 
magnesium or to the addition of sodium. 

The most noticeable action of 0.025 M magnesium carbonate was the 
complete suppression of growth in solutions containing nitrogen supplied 
as ammonium nitrate, ammonium chloride, ammonium sulphate, or as a 
mixture of ammonium chloride and sulphate. Growth was poor in the 
case of magnesium nitrate and in the mixture of potassium nitrate and mag- 
nesium nitrate. There was a marked increase in growth in the solutions 
containing dibasic ammonium phosphate singly or in combination with the 
other ammonium salts. Growth with calcium nitrate was not materially 
affected, but was delayed slightly in the case of potassium nitrate. 


The complete suppression of growth with the addition of 0.025 M mag- 


nesium carbonate to certain of the nutrient solutions and its contrasting 
beneficial action on the others suggested some direct or indirect effect of the 
magnesium ion. It was considered desirable, therefore, to repeat the 
experiment using a 0.0125 M concentration of magnesium carbonate instead 
of the 0.025 M concentration of this salt. 

The results of this experiment can be summarized by saying that they 
confirmed, in general, the results of the previous experiment. Magnesium 
carbonate inhibited all growth in solutions containing ammonium nitrate, 
ammonium chloride, ammonium sulphate, or a mixture of ammonium chloride 
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TABLE II 


EFFECTS OF THE ADDITION OF 0.025 M CaCO, oN GROWTH oF P. omnivorum IN NUTRIENT 
SOLUTIONS WITH NITROGEN SUPPLIED BY VARIOUS INORGANIC SALTS (NITROGEN 











GROWTH RESPONSE | GROWTH RESPONSE 
: AFTER 20 DAYS AFTER 24 DAYS 
NITROGEN CaCO, | ORIGINAL eS l,l “ 
SOURCE 0.025 M PH 


MEAN ei apes MEAN 


PH RANGE WEIGHT | WEIGHT 





mg. mg. 
NH,NO, 5.4-6.1 607 0 | 622 
j 604 0 636 





KNO, | : 7.6 -7. 3: 3-7. 392 
| : | 584 





Mg(NO,) 9 ccc | =: 3: 3-7. 598 


KNO, + 
Mg(NO;), 





Ca(NO;). 


NH,NO, 
NH,Cl 
(NH,).SO, 


(NH,),.HPO, 


NH,Cl+ 
(NH,) S80, 


NH,Cl 4 
(NH,).HPO, 


(NH,).S80, + 

(NH,),HPO, 6.8 

t 6.9 

NH,Cl + 

(NH,).80, + ots 

(NH,).HPO, 6.9 3.1-4.8 L: 3.0 —3. 

6.9 4.9 —5.7 192 5.3-5.: 200 
| = 


and ammonium sulphate. Very little growth occurred with magnesium 
nitrate but the mixture of potassium nitrate and magnesium nitrate was un- 
affected by this lower concentration of magnesium carbonate. Potassium 
nitrate and calcium nitrate gave better growth when accompanied by mag- 
nesium carbonate. Dibasic ammonium phosphate and all combinations of 
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ammonium salts in which high phosphate were present gave excellent 
growth when accompanied by magnesium carbonate. 

A similar experiment was conducted using 0.0063 M sodium carbonate 
with the twelve nutrient solutions containing the different nitrogenous salts 
singly and in combinations. The general effects of sodium carbonate were 
more similar to those of calcium carbonate than to those of magnesium 
earbonate. It differed from the higher concentration of calcium carbonate 
by being more unfavorable with ammonium nitrate and with potassium 
nitrate either singly or in combination with magnesium nitrate. It was less 
inhibitory than calcium carbonate when used with calcium nitrate. 


EFFECT OF CARBONATE WITH A LIMITED NITROGEN SUPPLY 


In an earlier study it was found that the amount of growth depends 
largely on the amount of glucose available, if nitrogen is not limiting, 
but that the rate of growth is determined largely by the amount of available 
nitrogen, if the carbon is not limiting (10). It was therefore considered 
advisable to decrease the amount of nitrogen from the equivalent of 0.025 M 
to 0.0125 M ammonium nitrate. This decrease in nitrogen content permitted 
a corresponding decrease in the amount of carbonate that would be required 
to offset the potential acidogenic effect of ammonium salts. These changes 
tended to diminish the physiological importance of the accompanying in- 
crease in the concentrations of Ca, Mg, or Na ions supplied by the carbonates 
and the Ca, Mg or K ions derived from the nitrates. It was assumed that the 
general decrease in the concentration of the electrolytes and the resulting 
modification in the ionic ratios, Me: K, Mg: Ca, and Mg: K: Ca, would per- 
mit a more reliable evaluation of the effects of nitrate and ammonium nitro- 
gen in the nutrition and environment of the organism. 

An experiment using the twelve nitrogen sources, listed in table II, 
was conducted in which the quantity of nitrogen was reduced to the 
equivalent of 0.0125 M ammonium nitrate and the effects of calcium ear- 
bonate, magnesium carbonate, and sodium carbonate on each source of nitro- 
gen were studied simultaneously. This resulted in 48 different nutrient 
solutions. Isolate 53 was used in this and subsequent experiments as 
the source of inoculum. Five cultures of each type were harvested after 
20 days incubation. The results of this experiment are given in table ITT. 
The mean weight of the mats produced in the various solutions are presented 
graphically in figure 1. 

The data on the various nitrogen sources without the addition of any 
earbonates show that good growth occurred on the control, ammonium 


nitrate, and all the various nitrates, singly and in combination. Good 
growth with nitrates as the source of nitrogen was accompanied by slight 
increases in the pH of the culture solutions. In these solutions the pH 
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values did not become critical. The results with ammonium nitrogen 
show that poor growth is accompanied by the usual increase in acidity. 
The ammonium salts of the strong acids were the poorest sources and 
developed the greatest acidity. Increasing amounts of ammonium phos- 
phate resulted in increased weights. These results agree very closely 
with those shown in tables I and IT. 

The effects of calcium carbonate differed with the various nitrogen 





TYPE OF CARBONATE ADOED 
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FFERENT SOURCES OF LQUIVAIENT AMOUN'S OF NITROGEN 


Fig. 1. The growth of P. omnivorum when the nitrogen is supplied by different 
ammonium and nitrate salts with and without the addition of CaCO,, MgCO,, or Na.CO,. 


sources. There was not as much modification of the amount of growth as 
in the earlier experiments where the concentrations of calcium carbonate 
and the nitrogenous salts were twice as high. There was no significant 
change with ammonium nitrate. Growth in solutions containing potassium 
nitrate was slightly improved by the addition of calcium carbonate while 
that in solutions containing magnesium nitrate was impaired. These results 
agree with those presented in table II. In the earlier experiments the 
addition of calcium carbonate improved growth in the mixture of potassium 
nitrate and magnesium nitrate, but with the lower concentration of calcium 
carbonate employed in this experiment no improvement was observed. 

All of the cultures containing their nitrogen as ammonium were greatly 
improved by the addition of calcium carbonate. This was most noticeable 
in the solutions with additional amounts of sulphates and chlorides. The 
. pH _ was lowered by growth but did not become limiting. All of the am- 
monium solutions produced good fungal mats when calcium carbonate was 
present. 

The effects of magnesium carbonate can be compared to those described 
in the earlier experiments in which nitrogen was twice as abundant. 
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Magnesium carbonate did not impair growth in the ammonium nitrate 
solution but did in all other nitrate solutions with the single exception of 
calcium nitrate. The pH values after 20 days incubation were the highest 
with the nitrate sources to which magnesium carbonate was added. 

The effects of magnesium carbonate on the utilization of ammonium 
were of two general types. When nitrogen was supplied as ammonium 
phosphate, alone or in combination with other ammonium salts, good 
growth resulted. The best growth obtained from any of the ammoniacal 
solutions occurred in those containing an increased amount of phosphates 
plus magnesium carbonate. When phosphates were not increased the utiliza- 
tion of ammonium in the presence of magnesium carbonate was poor. 

In general, the effects of sodium carbonate on the utilization of ammonium 
were similar to those of calcium carbonate. It was a little more effective 
than calcium carbonate in retarding the development of acidity and pro- 
duced heavier mats in most of the solutions containing high concentrations 
of sulphate. It was slightly less beneficial than calcium carbonate in the 
other solutions containing ammonium. 

In the nitrate solutions sodium carbonate differed from calcium earbo- 
nate by being less favorable with potassium nitrate and the mixture of 
potassium nitrate and magnesium nitrate, and by being more favorable with 
calcium nitrate. 


UTILIZATION OF NITRATE NITROGEN 


After demonstrating that nitrate and ammonium nitrogen are of essen- 
tially equal value for the growth of the fungus in properly adjusted nutrient 
solutions, it seemed desirable to determine the ability of the organism to 
use nitrite nitrogen. Potassium nitrite was used to supply the nitrite 
nitrogen. Ammonium nitrite and ammonium nitrate were used as control 
solutions. Cultures containing each of these three nitrogen compounds 
were prepared in which the total nitrogen content of each individual cul- 
ture flask was the equivalent of that in the 50-ml. portions of the 0.0125 M 
ammonium nitrate control. Since nitrites are less stable chemically than 
nitrates or ammonium the proper amounts of KNO, or NH,NO, were intro- 


TABLE IV 


GROWTH OF P. omnivorum WITH NITRATE NITROGEN 





NITROGEN SOURCE | PH RANGE AT 
ORIGINAL PH ot 
HARVEST 


MEAN WEIGHTS 





SALT USED | CONCENTRATION 


M mg. 

NH,NO, .... 0.0125 7 .7-5.6 598 
0.0125 3. 264 

0.0250 3 .2-7.3 175 
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duced into dry sterile flasks as concentrated aqueous solution. Ethyl alcohol 
was then added to assure sterilization. The solvent was allowed to com- 
pletely evaporate from the plugged flasks before a 50-ml. portion of a 
sterilized solution containing the basic salts and glucose was added 
aseptically. The inoculated flasks were incubated for 20 days. The 
results, based on five cultures of each type, are presented in table [V. 


Discussion 


The amounts of growth obtained in nitrate and in ammonium cultures 
are largely the result of the acidophobie nature of the fungus, the tendency 
for the ammonium cultures to become acid following the absorption of the 
ammonium ion from the solution, and the reverse tendency in the solutions 
containing only nitrate nitrogen. These fundamental differences are clearly 
illustrated in tables I, II, and III. The salt or salts used to supply the 
desired form and amount of nitrogen and the addition of different carbonates 
have some basic effects on the properties of the solutions and their physiol- 
ogical adaptability for growth of the organism. Some of these effects will be 
discussed under separate headings. 


GENERAL EFFECT OF CARBONATES 


The tendency of cultures containing ammonium ions to become acid 
masks the full nutritive value of this form of nitrogen. The addition of 
carbonates prevents the development of critical acidity in the ammonium 
solutions (tables II and III). Under these conditions ammonium becomes 
a favorable source of nitrogen (fig. 1, tables II, and III). The addition of 
various carbonates to the different ammonium solutions does not produce an 
equal or proportionate effect in all cases. This is presumably connected with 
basic modifications in the availabilities of certain essential ions in the 
nutrient solution. There is also some indication of an influence of these ions 
on nitrogen utilization. 

The addition of carbonates to the various types and combinations of 
nitrate salts produces variable effects. Unless the balance of certain 
major cations is materially improved by the cation accompanying the 


carbonate, there is no consistent beneficial effect to be obtained by the 


addition of carbonates to solutions supplying nitrogen in the nitrate form. 
In many eases there is a noticeable decrease in the growth. 


AVAILABILITY OF TRACE ELEMENTS 


There are several theoretical effects resulting from the additions of the 
three different types of carbonates other than their common ability to retard 
the development of acidity. When carbonates are added to nutrient solu- 
tions in concentrations as high as those employed in these experiments 
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(0.0125, and 0.025 M) they will precipitate, or bind, the trace elements such 
as iron, manganese, and zine (2, 5, 7), which are required for the growth of 
this organism (1). If the reaction of the medium remained approximately 
neutral, or became more alkaline, these essential ions would have their 
availability decreased. This effect is probably more important in the 
solutions containing only nitrate nitrogen, since their reactions do not 
progress toward acidity, than it is in the ammonium solutions. The reduced 
availability of the trace elements probably accounts for a part of the poorer 
growth with certain nitrates when carbonates are added. 


EFFECTS OF CATIONS ON NITRATE UTILIZATION 
Another effect of the addition of carbonates is the change in the absolute 
amounts of the several major cations and the resulting changes in proportions 
or balances existing between them. The addition of different kinds of carbo- 
nates would therefore be expected to produce different effects with the 
different sources of nitrogen employed in the various solutions. The im- 
portance of the balance between the major cations should be most evident 


TABLE V 


INFLUENCE OF THE CONCENTRATION OF AND THE BALANCE BETWEEN K AND MG ON GROWTH 
or P. omnivorum WITH TWO CONCENTRATIONS OF NITRATE NITROGEN 


. CONCEN- CONCEN- CONCEN- | . ELATIVE 
SOURCE OF ie’ Se ean i po ee K To MG REI , 

arcane fre TRATION | TRATION TRATION toneton GROWTH 
? ; or NO, | or K or MG VALUE 


m. mol m. mol 


NE, Ec 50 68.0 
Mg(NO,) 9. cccxnnu-- 50 18.0 
KNO, + Mg(NO,). 50 54.4 


50 68.0 
es 50 18. 
KNO, + Mg( NO). 50 


_ See 50 58.0 5. 39 
| 0 6 50 ‘ 40.5 44 
KNO, + Mg(NO,). 50 54.5 22.3 2.44 








s 2 : 8. 33 8.76 
Mg(NOQ;). . 2% 18.0 15.3 16 23.6§ 
KNO, + Mg(NO,). | 2 36.2 6.: 5.84 22.86 
Pcie 2: | 43.0 15.! 2.77 2.6§ 
Mg(NO,),. 2: 18.0 28. .64 4.9§ 
KNO, + Mg(NO,). 2: 36.2 18. 94 17.46 





* Relative growth values based on mean weights shown in table II under 20-day har- 
vest; nitrate solutions lacking Ca were the only ones supplying applicable data. ; 

+, + Growth values caleulated from experiments not reported elsewhere in this paper. 
Solutions designated (t) had 0.025 M MgCoO, while those designated (t) had 0.0125 M 
MgCoO, additions. 

§ Values obtained from data reported in table III (nitrate solutions without ear. 
bonate and with MgCoO,). 
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in the nitrate solutions since the basic proportions of the essential magnesium 
and potassium ions vary the most in them. 

In table V the results of different concentrations of potassium nitrate, 
magnesium nitrate, and the balanced mixture of potassium nitrate and 
magnesium nitrate with and without the addition of 0.125 M or 0.025 M 
magnesium carbonate are assembled. This facilitates a study of the effect 
of the balance between the potassium and magnesium ions on growth with two 
different concentrations of nitrate nitrogen. The amounts of the essential 
cations, with the exception of K and Mg, are held constant in all these 
solutions except for the slight deviations resulting from the impurities of 
the reagents. The table includes data from four different experiments 
two of which are described under results. The comparative effects of the 
balance between potassium and magnesium cannot be valid between differ- 
ent experiments since the vigor of the fungus varied from time to time and 
different isolates were used. The ‘‘relative growth value’’ of any particular 
solution is a percentage value obtained by dividing the mean weight of the 
fungal mats produced on it by the summation of the mean weights of the 


three, or more, solutions from that experiment supplying data applicable to 


the point under consideration. The ‘‘relative growth value”’ permits a direct 
comparisons between experiments. 

With the higher concentrations of nitrate nitrogen the best mol frac- 
tional ratios of potassium to magnesium are between 2.0 and 5.6. The 
relative growth values are low for the solutions having a K: Mg ratio above 
5.6 or below 2.43. This range is broad considering the extremely high con- 
centrations of the potassium and magnesium ions present in some of the solu- 
tions. The data concerning the K to Mg balance when the lower concentra- 
tion of nitrate nitrogen is used indicate a broader range of tolerance. The 
extremely high concentrations of either K or Mg are lacking in these solutions 
and the importance of antagonism is diminished accordingly. Under these 
conditions good relative growth values accompany K to Mg ratios ranging 
from 1.16 to 14.33. 

It is evident from this analysis that the fungus, when growing on 
nitrates, has a wide range of tolerance to K or Mg if the ratio between them 
is not extremely high or low. This effect is similar to the interactions of 
MgSO, and K.HPO, reported in an earlier study (10). 

The introduction of additional cations as calcium carbonate or sodium 
carbonate and by the use of calcium nitrate produce some modifications in the 
interaction of K and Mg. Some data pertaining to these modifications are 
assembled in table VI. The content of nitrate, sulphate, phosphate, and 
chloride is held constant. The only variables are the cations listed in the 
table. Since all of these solutions are parts of one experiment, which was 
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presented in table III, direct comparisons between any two solutions are 
valid. 
TABLE VI 
EFFECTS OF THE BALANCE BETWEEN K, MG, CA, AND NA ON THE GROWTH OF P. omnivorum 
IN SOLUTIONS CONTAINING A LIMITED AMOUNT OF NITRATE NITROGEN 
(NITROGEN CONTENT EQUIVALENT TO 0.025 M KNO,) 





RELATIVE 
GROWTH 
VALUES* 





| Aa a) + r a 7 . ro 
CONCENTRATION OF MAJOR CATIONS RATIO OF 


Na K To Mg 





K Mg Ca 
m.mol m.mol m.mol 
43.0 3.0 
43.0 15.5 
43.0 3.0 
43.0 3.0 


| 

| 

bi 35 
| m.mol 
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anes 
Nan °° 
mow © 


nos 1 


— 


se DOr 


es 
CODEN OD DADA o1Orgocr 
“I bo 
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aS ®w 
~1 0 em Or 





> 90 Hb 


20 S 
we OO ON Or 


bo bo 
Cre OO 


a 





| 
| 
| 
| 
| 
| 


— O11 


— 


1.16 
25. 6.00 


2.0 25 | 6.00 








* All relative growth values calculated from the data pertaining to the various types 
of nitrate solutions in table III, with no carbonate addition and with the addition of 
MgCoO,, CaCO,, or Na.CO,. 





The effect of calcium is interesting. A high K to Mg ratio, such as 14.33, 
is improved by the addition of Ca, while a low ratio, 1.16, is impaired by 
the addition of Ca. Intermediate ratios are not noticeably affected by the 
addition of small amounts of Ca but are less favorable if large amounts of Ca 
are added. Calcium has a general effect comparable to the addition of a 
similar amount of magnesium. This does not exclude the possibility of some 
individual and specific action of the Ca ion. 

The effect of Na is similar to that of potassium. The addition of sodium 
impairs growth if the K to Mg ratio is high but it is beneficial if the ratio 
is low. 

These studies show that the source of nitrate is of importance only 
insofar as the accompanying cations are active in influencing its availability 
or utilization and the general reaction of the fungus to the solution. 


EFFECT OF VARIOUS IONS ON AMMONIUM UTILIZATION 


The manner in which these experiments were conducted offers limited 
opportunities to observe the influence of the K to Mg ratio on the utilization 
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of ammonium. The basic K to Mg ratio results from the non-nitrogenous 
salts and prevails in all the solutions to which magnesium carbonate is not 
added (fig. 1, table III). The basic ratio of 18:3 is changed to 18: 15.5 by 
the addition of magnesium carbonate. Both of these ratios are in the range 
permitting good growth. The ammonium solutions, however, afford the 
oportunity of studying the effects of the major anions, Cl, SO, and PO, 
singly and in combination. The main effect of the carbonate radical is 
assumed to be connected primarily with the prevention of active acidity. 
If this is the case, its concentration would not remain constant and any 
conclusion regarding its effects would be questionable. 

The sulphate ion, which is essential, produces an interesting effect in 
these solutions. The growth of the fungus tends to decrease with increasing 
concentrations of this radical. This is very noticeable when magnesium is 
increased but is less critical when calcium or sodium is added to the solution. 
This effect of SO, is most noticeable when all of the ammonium is supplied 
as ammonium sulphate. Growth is prevented in this type of solution when 
magnesium carbonate is added, even though the acidity is regulated. With 
the addition of calcium carbonate, or sodium carbonate, good growth results. 

There is a similar but less striking difference between the interaction of 
chlorides with calcium or sodium, and their interaction with magnesium. 
This less important effect of the chloride ion is presumed to be connected with 
the high chloride tolerance of the fungus and its minimal requirement or 
utilization of this particular ion (10). 

The addition of increasing amounts of PO, presents a different type of 
effect. The lower solubility and the weak dissociation of phosphate salts 
along with their beneficial buffer action may contribute materially to this 
difference. The ammonium phosphate solution and ammonium solutions 
containing increased amounts of phosphates are good sources of nitrogen 
(tables II and IIT, fig. 1). If magnesium carbonate is added, ammonium 
solutions with increased amounts of phosphates produce fungal mats equal 
to or heavier than those produced by any other type of solution supplying 
the same amount of nitrogen as ammonium or nitrate. The addition of 
calcium or sodium, while permitting good growth, does not produce the 
highly beneficial effect of magnesium with these high phosphate solutions. 
The striking connections between high Mg and high PO, concentrations, in 
spite of the lowered and usually less favorable K to Mg ratio, shows that 
growth with ammonium nitrogen can be distinctly improved by simul- 
taneously increasing the concentrations of magnesium and phosphate. 

No physiological explanation of the interaction of Mg and PO, on am- 
monium utilization is offered. The rédles of both of these ions in nutrition 
are numerous and involved. In this connection it should be mentioned that 


previous studies have shown that varying the basic solution by increasing 
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the concentration of either Mg or PO, does not materially improve growth 
of the fungus when nitrogen is supplied as ammonium nitrate. There is, 
however, a significant and favorable effect associated with increasing mag- 
nesium sulphate and dibasic potassium phosphate simultaneously over a 
wide range when ammonium nitrate is the source of nitrogen (10). 


UTILIZATION OF NITRITE NITROGEN 


The utilization of nitrite nitrogen in the case of solutions containing 
ammonium nitrite cannot be assumed since the amount of growth obtained 
is no greater than that which would normally be produced by the ammonium 
nitrogen supplied by this salt (table 1V). It is evident, however, that nitrite 
nitrogen is not noticeably toxic to this fungus. The growth of the fungus 
on KNO, supports the above conclusion regarding the tolerance of the 
fungus for nitrites and also shows that the fungus can use nitrite nitrogen 
in its metabolism and growth. 


Summary 


Experiments were conducted on the growth of P. omnivorum in artificial 
nutrient solutions using various inorganic salts as the sources of nitrogen. 


The utilization of ammonium, nitrate, and nitrite nitrogen was studied. 

The growth of the fungus, when ammonium is the only source of nitrogen, 
results in the development of acidity in the culture solution while nitrate 
utilization results in the development of a more alkaline reaction. 

The addition of calcium carbonate, magnesium carbonate, or sodium 
carbonate to the nutrient medium permits good growth with ammonium 
nitrogen by delaying the development of critical acidity. 

There is no apparent toxicity of ammonium, per se, in a properly con- 
stituted and balanced nutrient solution. If these conditions are met, am- 
monium is an excellent source of nitrogen. 

Growth with nitrate nitrogen is influenced by the balance between 
K and Mg. Calcium can be substituted for Mg to a limited extent. Sodium 
can partially replace K in this antagonistic action. 

Ammonium utilization is influenced by the ionic balance in the solution. 
There are significant and favorable growth reactions with high Mg and high 
PO, and with high Ca or Na and high SO, or Cl content on the utilization 
of ammonium. There is a contrasting unfavorable growth reaction with 
high Mg when accompanied by high SO, or Cl content. 

The fungus can grow when all its nitrogen is supplied in the nitrite form. 
No evidence of nitrite toxicity was found. 

TEXAS AGRICULTURAL EXPERIMENT STATION, AND 

BUREAU OF PLANT INDUSTRY 
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EFFECTS OF PRETREATMENT ON THE ESTIMATION OF 
ORGANIC ACIDS IN PLANT TISSUES 


T. @. Beeren, TT. LL. JSAACS, AMD F. G. 


(WITH FIVE FIGURES ) 


Introduction 


In developing a general technique for studying changes in the organic 
acid content of plant tissues in relation to metabolism, a review was made 
of current methods. Since it is difficult to estimate metabolic changes 
directly on whole fresh tissues, some investigators (2) have analyzed com- 
posite fluids from expressed tissues. The general procedure to be selected 
for living tissues is governed by its adaptability to particular or general 
physiological studies (1). The technique is especially limited when labile 
constituents are to be estimated. Metabolic changes induced by cultural 
or environmental influences have been studied for various unstable con- 
stituents. Among them, organic acids have proved to be of great impor- 
tance, particularly in relation to their ability to maintain a satisfactory 
ionic balance within the cell and their usefulness as substrates or inter- 
mediates in metabolism (5, 7, 8). Since certain effects may not be reflected 
merely by total organic acids, a detailed separation of the individual acids, 
including forms possessing questionable stability, is essential (5). The 
presence in plant tissues of certain relatively unstable organic acids has 
been a subject of controversy (9, 10, 11, 12). Studies have been made to 
develop a valid method for the estimation of total organic acids, which could 
be subsequently applied as a basis for the satisfactory isolation of individual 
organie acids. 


Material and methods 


Hordeum vulgare plants were grown according to a technique developed 


earlier (4). To correlate these studies with those carried out extensively 
in this laboratory on the absorption of inorganic solutes, the present experi- 
ments were performed with expressed saps of barley roots. Fluids were 
expressed at 2,300 pounds per square inch, from root tissues both fresh and 
pretreated by freezing at —18° C. Analyses were made as rapidly as pos- 
sible to minimize any possible changes in composition. Total organic acids 
were estimated from direct buffer curve titrations and by titration after 
extraction of the acids from the sap. For the latter titration, a gross separa- 
tion of the acids was accomplished by a method of direct liquid extraction 
(6). Hydrogen-ion values were obtained potentiometrically by means of a 
glass-electrode system. 

VIRTANEN and associates (9) believe that one possible reason for the dis- 
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agreement in the results of different investigations may be the loss of labile 
organic acids during pretreatment. To prevent losses of keto-acids asso- 
ciated with the activity of the respiratory system (9), they suggest the 
immediate addition of alkali (1 ml. of 10 per cent. NaOH per gram of fresh 
tissue) and subsequent grinding in a mortar with sand. Since it was de- 
sired that all acids, including any possible labile keto-acids, should be in- 
cluded in the results of our metabolic studies, we have compared the effects 
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Fig. 1. Effects of pretreatment on the shapes of the buffer curves of barley root sap 
expressed from fresh tissues (compare treatments 1, 2, and 3 in table I, experiment I). 

Curve 1. Fresh tissue, pressed directly. Two separate titrations were performed on 
5 ml. of sap starting at the pH of the sap. 

Curve 2. Fresh tissue, ground with sand, pressed. As with other untreated samples 
(see figs. 2 to 5), two separate titrations were performed on 5 ml. of sap starting at the 
pH of the sap. Certain curves were ‘‘retraced’’ by back titrating as indicated. 

Curve 3. Fresh tissue, ground with sand plus NaOH (1 ml. 10 per cent. per 3 grams 
of fresh tissue), pressed. As with other alkali-treated samples (see figs. 2 to 5), a single 
acid titration was performed directly on 5 ml. of the alkaline sap mixture. In plotting, 
the curve obtained by direct titration of each alkali-treated sample, was translated, such 
that a point on this curve corresponding approximately to the initial pH of the untreated 
sap, coincided. 


of the treatment recommended by VirTANEN and ARHIMO with direct analy- 


ses performed immediately after fluid separation from the tissues. 


Results and discussion 


The results of the experiments are presented in tables I and II and 
figures 1 to 5. 
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TABLE I 


EFFECTS OF TISSUE TREATMENT ON THE TOTAL ORGANIC ACID CONTENT OF EXPRESSED SAP 
OF BARLEY ROOTS 





ORGANIC ACIDS IN MILLIEQUIVALENTS X 10? PER GRAM 
OF FRESH TISSUE 











TREATMENT 


EXPERIMENT I 
1. Fresh tissue pressed directly 
2. Fresh tissue ground with 
sand, pressed 
Fresh tissue ground with 
sand plus NaOH (1 ml./ 
3 gm.), pressed 
Frozen tissue pressed 
Frozen tissue pressed, 
NaOH added to sap equiv 
alent to 1 ml./3 gm. 
Frozen tissue ground with 
H,O (1 ml./3 gm.), 
pressed 
ja. Same as 6; NaOH added to 
expressed fluid only suf 
ficient to adjust sap to pH 
10.5-11.0 
Frozen tissue ground with 
NaOH (1 ml./3 gm.) 
IXPERIMENT II 
Fresh tissue ground with 
sand, pressed (See ex 
periment I, treatment 2) 
Fresh tissue ground with 
sand plus NaOH (1 mi. 
3 gm.), pressed. (See 
experiment I, treatment 
3) 
SXPERIMENT III 
1. Frozen tissue pressed (See 
experiment I, treatment 
4) 
2. Frozen tissue pressed, 
NaOH added to sap equiv- 


alent to 1 ml./3 gm. (See 


experiment I, treatment 
5) 


* Extraction time, 56 hours. 
treatment. 


PHOF | 
SAP TO 
PH 2.6 


PH or 
SAP TO 
PH 7.8 


FROM BUFFER CURVES 





meq. x 10° 


1.38 


A value of 4.3 


meq. x 10° 


0.15 


0.53 


» o%6 


0.45 
0.82 


0.88 


1.14 


was obtained 


TOTAL 
PH 7.8—2.6 


ned. 


1.5% 


by 


BY LIQUID 
| EXTRACTION 


| AND TITRATION 
PH 7.8—2.6 


10? meq. x 10? 


(See exp. II, 
treatment 1) 
(See exp. IT, 


treatment 2) 
3.38 


6.82 


4.00 


6.10* 


the normal 24-hour 
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We shall attempt to evaluate the data from each sap treatment, particu- 
larly discussing experiment I. The figures in experiments II and III, 
which confirm those obtained by treatments 2 and 3, and 4 and 5, respec- 
tively, in experiment I, are presented to complete the comparison between 
total titration values from buffer curves made on expressed sap and on acids 
obtained by direct liquid extraction. It was also desired to determine cer- 


tain changes in sugar content of the sap. Pure sugar solutions were used 
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Fie, 2. Effects of pretreatment on the shapes of the buffer curves of sap expressed 


from prefrozen tissues. For general notes, see figure 1 (compare treatments 4, 5 and 7 
in table I, experiment I). 

Curve 4. Frozen tissue, pressed. 

Curve 5. Frozen tissue, pressed, NaOH (10 per cent.) added to sap equivalent to 
1 ml. per 3 gm. of fresh tissue. 


Curve 7. Frozen tissue, ground with NaOH, 


to obtain the data in table II. Here the effect of alkali on losses of sugar 
and the formation of acids are presented. 


The figures and curves for treatment 1 (experiment I) when compared 
with 2 and 4 indicate that solutes and fluids have been incompletely removed 
from the fresh intact tissues.1 These results are in accord with others 
reported earlier (2). It was shown that values of solute composition ob- 
tained on fluids expressed from fresh tissues, by relatively low direct pres- 


1 This conclusion was substantiated by analyses for the cation, potassium. All treat- 
ments except number 1 in experiment I, in which the recovery was low, indicated uniform 


potassium release of an order consistent with expected, substantially complete, recoveries, 
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sures, were difficult to interpret. For removal of a composite sap capable 
of evaluation in physiological studies, physical maceration or freezing of 
the tissues prior to pressing was recommended. The organic acid results 
on fluids obtained by these means are shown by treatments 2 and 4 of table 
I and the corresponding curves in figures 1 and 2. Treatment 6 (table I, 
fig. 3), in which water was added during the tissue maceration (equivalent 
in proportional volume to additions of alkali solution in other treatments 


® DIRECT TITRATION 6 

© PRIMARY RETRACE 6 
© SECONDARY RETRACE 6 
A CURVE 6a 








Fig. 3. Effects of pretreatment of expressed sap with mild alkali on the shape of 
the buffer curve of the mixture. For general notes see figure 1 (compare treatments 6 
and 6a in table I, experiment 1). 

Curve 6. Frozen tissue, ground with water (1 ml. per gm. of fresh tissue), pressed. 

Curve 62. Same as 6; NaOH added to expressed fluid, only sufficient to adjust sap 
to pH 10.5 to 11.0. 


to be referred to presently) gave results comparable with those of treat- 
ments 2 and 4. The slightly higher results obtained in this case may be 
correlated with increased solution of acids by the added water. 


When the procedure of applying strong alkali, as proposed by others 
(9, 10), to maintain the compositional status quo within the tissue, is fol- 
lowed, marked differences are observed in the quantitative results. Greatly 
enhanced titration values are obtained from either a buffer titration of 
expressed sap or titration of the organic acid extract. This is true whether 


the examination is made of fresh or previously frozen tissues (treatments 
3 and 7; table I, figs. 1 and 2). The effect is somewhat lessened, although 
very pronounced, if alkali is added to the previously expressed fluid. 
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As shown elsewhere (6), close agreement is obtained between the titrable 
acidity values from buffer titrations of expressed sap and titrations of the 
organic acid extract, when applied to normal tissues or untreated expressed 
fluids (compare values in columns 4 and 5 in table 1). A marked discrep- 
ancy may arise between these values when alkali pretreated samples are 
studied. Satisfactory agreement is re-established in such cases if the ex- 
traction time is sufficiently prolonged (compare treatments 1 and 2 of 
experiment III in table 1). This result would indicate that, through alkali 
pretreatment, organic acids not originally present in the tissues are pro- 
duced which are with difficulty soluble in ether. The relatively small in- 
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Fie. 4. Effect of pretreatment on the shape of the buffer curve of barley root sap 
expressed from fresh tissues. For general notes see figure 1 (compare treatments 1 and 2 
in table I, experiment IT). 

Curve 1. Fresh tissue, ground with sand, pressed. 

Curve 2. Fresh tissue, ground with sand, plus NaOH (1 ml. 10 per cent. per 3 gm. 
of fresh tissue), pressed. 


crease in acid content in treatment 2 in experiment III may be correlated 
with the metabolite balance of tissues grown during the winter season. 
The addition of 1 ml. of 10 per cent. NaOH per 3 grams of fresh tissue 
is sufficient to bring the fluids to pH 11.5-12.0. If the untreated sap is 
adjusted only to pH 10.5-11.0 with alkali, a minimum increase in buffer 
capacity is obtained between pH 7.8 and pH 2.6 (compare treatments 6 
and 6a of table I and figure 3). The effect of mild alkali treatment is also 


‘ 


graphically shown by the buffer ‘‘retrace’’ curves of treatments 2, 4, and 6 
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(figs. 1, 2, and 3) on the alkaline side of the normal pH of sap. A definite 
hysteresis effect is apparent from these curves. Since. however, the slope 
of the titration curve from the pH of sap to pH 7.8 is steep, a minimum 
effect on the organic acid value is to be expected. The additions of dilute 
(0.2N) acid within the titration range, produce little, if any, hysteresis 
effect within this range of the system being titrated. Here the ‘‘retrace”’ 
curves coincide closely with the primary titration starting from the initial 
pH of the sap. 
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Fig. 5. Effect of treatment of pure sugar solutions with strong alkali on the buffer 
eurve of the mixture. The curves for fructose are also typical for glucose or sucrose; the 
effects, however, in the latter cases, being smaller per w me For general notes se« 
figure 1 (compare table II 

Curve 1. Fructose solution, control. 

Curve 2. Fructose solution, alkali treated (1 . 107 eent. per 3 ml. of sugar 


solution 


The differences in results between untreated and alkali-treated samples 
appear to be indicative of decompositions within the system due to the addi- 
tion of hydroxyl ions. The extensive researches of NEF are pertinent in 
this connection (3). He has shown that alkali can produce marked chemi- 
eal transformations of sugars. Single sugar solutions, each of a concen- 
tration similar to that in barley sap, when treated with sodium hydroxide 
in the proportion of 1 ml. 10 per cent... NaQH per 3 ml. of sugar solution. 


showed marked inereases in buffer capacity between the pH limits 7.8 and 


: 


2.6 (table IT and fig. 5 The rate of decomposition of the three sugars 
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tested was in the decreasing order of fructose, glucose, and sucrose. Since 
similar reactions are known to proceed in acid media, acid pretreatments of 
tissues may likewise be open to question. Rates of similar reactions would 
probably be increased in the entire tissue system. Sugar analyses showed 
that large losses of sugar occurred when expressed saps were similarly 
treated with caustic soda; in one experiment, a 74 per cent. loss occurred. 
It is suggested that these sugar decompositions are, at least in part, respon- 
sible for the marked increases in buffer capacity on both the acid and alka- 
line side of the normal pH of sap. 

Protein constituents also seem likely to decompose under drastic pre- 
treatment with alkali. One approach to this question was made by esti- 
mating the g-amino nitrogen’ content of the saps after the various treat- 
ments. In the sap of barley roots we have not observed consistently sig- 
nificant increases in g-amino nitrogen which might correlate with the 
changes in buffer capacity observed. This does not exclude the possibility 
that this type of constituent or others might not be involved when other 
types of tissues or fluids are studied, since the complete decomposition of 
proteins may result in the production of organic acids. 

A study of the possible occurrence of keto acids normally present in 
certain plant systems is beyond the scope of this study. It is suggested, 
however, that plant tissue or expressed fluid subjected to alkali treatment 
may lead to the formation of products which will give an abnormally high 
total organic acid value. Quantitative estimates of these acids, so obtained, 
should be evaluated with caution if these amounts are to be considered as 
present in normal tissues. In general, results from untreated fresh tissues 
are to be preferred. Pretreatment by dehydration may lead to losses of 
volatile acids. Under some conditions the addition of certain acids as HCl, 
during such pretreatment, may cause decompositions with consequent losses 
in titrable acidity. On the other hand, the presence of an excess of such 
an acid, particularly at higher temperatures, may convert glucose to organic 
acids. Thus organic acid estimations made on material pretreated with 
acid or containing excesses of the same are subject to qualification due to 
possible compensating errors. Further, prolonged evaporation or increased 
temperature may cause changes in the constituent organic acid values within 
the system. If pretreatment is desired, such as the expression of sap, ete., 
the technique of rapid freezing of the tissues and expression of the com- 
posite fluids is recommended (2). Immediate determination of buffer 
curves or direct liquid extraction with subsequent titration appear to be 
satisfactory methods for the estimation of total organic acids. The final 

2 Protein decomposition may proceed rapidly through an intermediate stage of amino 
acid to keto-acids and ammonia. When such labile intermediates are formed, other tests 


should be applied to confirm protein breakdown. 
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aqueous organic acid extract from liquid ether extraction affords a satis- 
factory medium for the subsequent estimation of the individual component 
acids. Results of these latter studies will be published elsewhere. 


Summary 


Studies have been made to find a method of pretreatment of plant tis- 
sues capable of yielding values for total soluble organic acid which might 
be considered as representative of the normal living system. 

Composite expressed sap of fresh barley roots, obtained by expressing 
fluids without delay from completely macerated tissue, furnishes a com- 
posite sample representative of the solution in the tissue as a whole. When, 
for one reason or another, tissue samples cannot be studied directly, freez- 
ing is recommended as an intermediate step. These frozen materials may 
be directly subjected to sap expression. Results for organic acid by these 
two methods of pretreatment agree favorably. 

Treatment of either tissues or expressed fluids with concentrated alkali 
or acid is not recommended. Such treatments may lead to values for total 
and individual organic acids which are not representative of the normal 
system. Barley root tissues or expressed saps pretreated with alkali show 
that sugars are decomposed and organic acids which were not originally 
present in the tissues are produced. 


The authors desire to acknowledge the analytical assistance of J. NANCE 
and R. McCreapy in this study. We are indebted to Professor D. R. 
HoaGuanp for his kind suggestions in connection with this problem. 
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RESPIRATION STUDIES OF DEVELOPING JONATHAN APPLES 


SetH T. SHAW 


(WITH THREE FIGURES ) 


Introduction 

The respiration of mature apple fruits has been studied quite extensively 
in relation to their keeping quality in transit and in storage. Less attention, 
however, has been directed toward the respiratory activity of this fruit dur- 
ing its earlier stages of growth. KrotKov recently reported (4) on the 
respiratory metabolism of McIntosh apples during ontogeny in which the 
respiration record of starving fruits was taken. The initia] respiration 
rates of the different fruits during the developmental period shows a sea- 
sonal respiratory picture very similar qualitatively to the one presented in 
this paper. 

The original aim of this study was to determine the effect of self and 
cross fertilization of the Jonathan apple on the respiration of the develop- 
ing ovaries ; however, the individual variability between fruits was so great 
that it was impossible to make the desired comparison. The work was then 
continued to determine the extent of the variability between individual 
specimens, as well as to study the course of respiration in this fruit during 
the earlier stages of growth. 

The following factors may be expected to affect the respiratory behavior 
of these fruits even though the comparisons are made on a weight basis: 

1. The size of fruit. The smaller fruits would have a greater surface 

area per unit of weight which may facilitate gaseous exchange. 

2. The comparative penetrability of the skin (stomata and lenticels) as 
the fruits develop. 

3. The composition of individual fruits, which may be affected by tem- 
perature, exposure to light, number of fruits per spur, and number 
and size of spur: leaves. 

4. The number of fertile seeds per fruit 


Materials and methods 


The Jonathan apples used in this study were grown in the Brigham 
Young University Orchard, Provo, Utah. The experimental fruits were 
thinned one to each spur, and the leaves were also thinned in such a manner 
that each spur had approximately the same leaf area. All experimental 
spurs were located on the periphery of the tree but there was considerable 
variation in exposure, that is, spurs were used from al! four sides of the tree. 
In the selection of apples for respiration determinations, an effort was made 
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to select specimens as near the same size as possible. After each period of 
respiratory measurement the apples were weighed and their volumes mea- 
sured by water displacement. They were then dissected and the number 
of fertile seeds was determined. 

Warburg’s technique employing the Barcroft differential manometer 
was used in this study. This method has been employed rather widely in 
the study of the respiration of molds, bacteria, algae, and other similar 
forms. Many physiologists have sensed the limitations of this method for 
the study of higher plant materials in view of its being necessary to use 
excised plant parts. For this research, manometer vessels (fig. 2) were 
made large enough to accommodate one whole apple fruit of a diameter not 
larger than three centimeters. After the fruits had attained this size, a 
wedge-shaped slice cut to the center of the apple on the stem-calyx axis, 
as large as the vessel would accommodate was used for each determination. 

Brown (1) discussed the use of the Warburg respirometer for plant 
physiological research, and called attention to several important considera- 
tions. He pointed out the almost negligible effect of the solubility of the 
gases, carbon dioxide and oxygen, in the reagents used in the respirometer. 
‘*The Bunsen absorption coefficients for carbon dioxide and oxygen in water 
are calculated on the basis of 760 millimeters of mercury at 0° C. The con- 
ditions are far from those of the respirometer where the final liquid is a 
salt solution, and the partial pressures of the oxygen and carbon dioxide 
are only approximately 150 mm. and 0.76 mm., respectively.”’ It is also 
noteworthy that originally both the base and the acid were in equilibrium 
with the oxygen as it occurs in the atmosphere. 

The apparatus (fig. 1) used in this study has been described in con- 
siderable detail by Drxon (2). It consists of a constant-temperature water 
bath controlled by a thyratron relay, and a set of six Barcroft differential 
manometers mounted on a shaker rack which makes one hundred complete 
7-centimeter excursions per minute. The manometers (fig. 2) are so placed 
that the vessels are held completely under the surface of the water in the 
bath. The temperature of the bath in this work was held at 27° C. + 0.02° C. 

In making these measurements the apple was placed in the experimental 
vessel, and one eubie centimeter of 2 N sodium hydroxide solution was placed 
in the bulb shown at C. A compensating vessel of near the same volume 
as the experimental vessel was used and each was placed on an arm of the 
differential manometer, which was then fitted to the shaker rack with the 
vessels both submerged in the water of the bath. Sufficient time was allowed 
for the experimental material and the air within the vessels to come to the 
temperature of the bath, and then the cocks shown at D and E were closed. 


Any change in volume of the gases in the experimental vessel will be 


registered as a negative or positive pressure by the manometer fluid shown 
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at F. That is, if the oxygen uptake in the respiring material is greater than 
the carbon dioxide evolution, a negative pressure will develop in the experi- 
mental vessel and will be registered by the manometer fluid. On the con- 
trary, if the oxygen uptake is less than the carbon dioxide evolution, there 
will be an increase in the volume of the gases within the experimental vessel 
and a positive pressure will be registered. 

After one hour’s run with readings made at ten-minute intervals, the 
course of the respiratory activity was plotted, and the ultimate difference in 
height of the fluid in arms A and B of the manometer was recorded. This 





Fig. 1. The Warburg apparatus used in this study consists of a constant temperature 
water bath controlled by thyratron relay, and a set of six Bareroft differential manometers 


mounted on a shaker rack which makes one hundred complete 7-cm. excursions per minute. 


reading indicates the amount by which oxygen consumption exceeds carbon 
dioxide evolution or vice versa. 

After having found the relationship between oxygen uptake and carbon 
dioxide evolution, the oxygen uptake was then determined. The stopeocks 
D and E of the manometer arms were opened prior to opening the stopeock 
G which allowed the sodium hydroxide in the bulb to run down and enter 
the experimental vessel below the screen upon which the experimental mate- 
rial rested. The stopcock G was closed as soon as the alkali had entered the 
vessel, and the manometer was again placed on the shaker and at least fifteen 
minutes were allowed for the base to absorb any accumulated carbon dioxide 


i 
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within the vessel. The manometer cocks D and E were again closed. The 
sodium hydroxide now in the experimental vessel will absorb the carbon 
dioxide evolved ; consequently, the volume of the gases within the experi- 
mental vessel will decrease by the amount of oxygen taken up, and a negative 
pressure will be shown by the difference in the height of the fluid in the two 
arms of the manometer. 

The oxygen uptake was then calculated by the formula (1) : 
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in which: 
h = Difference in the height of fluid in the two arms of the manometer. 
a= Area of cross section of the capillary in sq. mm. 


V’. = Volume of gas in the compensating vessel. 
a, = Bunsen absorption coef. for the gas in the compensating vessel 
(air). 
V’_ = Volume of the liquid in compensating vessel in cu. mm. 


L 
V.= Volume of the liquid in experimental vessel in cu. mm. 
P = Height of manometer fluid in mm. equalling 1 atmosphere. (760 
for Hg). (10,000 for Brodies soln.) (12,000 for kerosene) 
V,= Volume of gas in experimental vessel in cu. mm. 
T = Temperature in absolute. 
Bunsen coef. of absorption for the gas that is changing coneentra- 
tion. 
Note: a, and qa. as suggested by Brown (1), can well be elimi- 
nated from the equation. 
The amount by which the carbon dioxide evolution exceeds the oxygen 


I 


uptake, or vice versa, is calculated in the same manner, and then by knowing 
the oxygen uptake the carbon dioxide evolution can readily be found. 

When the apple samples were taken for composition analysis, a master 
sample of 50 to 200 apples was harvested and taken to the laboratory where 
the pedicels were removed and the fruits were chopped into small pieces and 
mixed well. Fifty grams of the mixture were immediately placed in 300 ml. 
of boiling 80 per cent. alcohol for sugar analysis, and another 50 grams in 
an oven at 90° C. for the determination of dry weight. The dried sample, 
after weighing, was ground and used for making ether extract. Ten ml. of 
juice were extracted by pressure and were used for determining titratable 
acidity. Freehand sections were stained with iodine-KI to indicate qualita- 
tively starch and dextrin. 

On the day respiration measurements were to be made, four apples were 
selected, of as near the same size as possible, and each was immediately 
placed in a respirometer vessel, as shown in figure 2, and the method just 
described was followed. 
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Results 


The composition of the Jonathan apples sampled at approximately weekly 
intervals from May 23 until July 26 is shown in table I. Total sugars 
increased gradually throughout the period of sampling. Starch was pre- 
ceded by dextrin as was indicated by staining freehand sections with iodine- 
KI. A small amount of dextrin was present June 6, but starch did not 
appear until June 20. 
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F + 4 — H 
4 +4 
= 
as ' 
! 
+4 H 
4 
—— 
Fig. 2. A perspective drawing of the Bareroft differential manometer. 
A—Left arm of manometer. F—Manometer fluid (in this case, triple 
3—Right arm of manometer. distilled kerosene + Sudan ITT). 
C—Bulb which receives alkali and keeps it G—Stopeock. 
at the temperature of the bath. H—Experimental vessel. 
D and E—Stopceocks. I—Compensating vessel. 


From June 20 to July 26 the starch increased at a uniform rate, and on 
the latter date the blue color reaction of the starch masked any dextrin that 
may have been present. It should not be interpreted from table I that 
dextrin necessarily decreased in amount as the apple matured, but that the 
proportion of starch to dextrin increased. 
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TABLE I 


COMPOSITION OF JONATHAN APPLES DURING GROWTH, MAY—AUGUST 




















~ i i 
- peor. Tora, | St ARCH AND DEXTRIN AS INDI- 
ER- ath Trrrat- | suGar, | CATED BY IODINE-KI on 
DATE OF CENTAGE oe _ oe | FREEHAND SECTIONS 
ANALYSIS DRY TERIAL, _— FRESH 
wuenr DRY ACIDITY* | WEIGHT . 
WEIGHT | BASIS SrarcH | DEXTRIN | COLOR 
BASIS REACTION 
% % ml, % 

May 21 0.70 None None None 
May 30 39.10 0.90 None None None 
June 6 42.70 1.25 None Trace | Slight reddish 
June 13 16.20 7.70 51.60 1.65 None Dextrin Red 
June 20 16.75 51.38 2.10 Tracet Dextrin | Reddish-violet 
June 27 17.20 5.18 46.15 2.85 Starch Dextrin Reddish-violet 
July 5 16.06 32.50 3.10 Starch Dextrin Violet 
July 11 15.77 3.90 33.20 3.75 Starch Dextrin Blue-violet 
July 18 16.00 2.17 26.50 3.90 Starch Dextrin Blue-violet 
July 26 15.39 2.82 23.40 4.60 Starch Blue 
August 1 15.46 2.21 4.80 Starch Blue 





* Milliliters of N/10 NaOH to neuiralize 10 milliliters of expressed juice to phenol- 
phthalein. 

t After the first trace of starch (June 20) the amount increased at a uniform rate as 
indicated by the color reaction with iodine. After July 26, the dark blue color reaction 
of the starch masked any dextrin which may have been present. 

There was considerable acid present in the apple fruits May 30. This 
fraction reached its maximum June 13, and then more or less gradually 
decreased for the remainder of the period. 

Ether-soluble material diminished, at least on a percentage basis, as the 
apple developed. 

Tables II and III show the respiratory performance of the apples during 
the period from May 23 to July 26. One whole apple was used in each 
respirometer until June 22. After that date, a section of each apple, cut 
from stem to calyx, was used for each determination, each section being 
measured separately. Three or four different apples, or sections of different 
apples, were measured simultaneously at each sampling. 

There was considerable individual variation in the rate of oxygen uptake 
and carbon dioxide evolution between the different apples of each day’s 
measurements. Oxygen uptake and carbon dioxide production were high 
during the period from May 30 to June 10, and then decreased, rapidly at 
first, for the remainder of the season as is indicated by the oxvgen curve 
shown in figure 3. 

A histologic study of the stomata and the lenticels of this variety (6) 
showed little indication of any appreciable difference in the penetrability 
of these structures by gases during at least the time of this experiment— 
May 23 to July 26. 
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TABLE II 


RESPIRATION OF JONATHAN APPLE FRUITS SHOWING OXYGEN UPTAKE, CARBON DIOXIDE 
EVOLUTION, AND RESPIRATORY QUOTIENT CO,/O, 











Cu. MM. PER GM. PER 30 MIN. 
SAMPLE No.* [——________— . —— ~ 
O. UPTAKE CO, EVOLUTION L R. Q. CO./O, 





cu. mm. | 

19.29 17.45 0.90 
15.26 10.61 0.70 
11. 10.19 0.91 
11.2% 9.48 0.84 


Average 14.2! 11.90 84 
May 30 1 38.98 25.42 65 
2 28.48 19.62 .69 


3 36.20 27.50 76 
4 10 29.30 73 
Average 35.94 25.50 71 


June 2 32.60 21.50 .66 
‘ 28.40 8.40 65 


Average 





June 


Average 


June 


Average 


June 


| Average 3.3% 
; 





* One whole apple was used for each determination. 


No relationship was found between the number of developing seeds and 
the respiration of the fruit. 
Discussion 


The Warburg apparatus employing the Barcroft differential manometer 
was used to study the course of respiration in developing Jonathan apples. 
This method has much to recommend it from the standpoint of sensitivity 
and accuracy for physiological study of higher plant materials, especially 
when plant parts can be used with little mutilation. Its greatest disadvan- 
tage is that only relatively small amounts of plant material can be used for 
each determination. 

Jonathan apples, even when grown under very similar conditions, are 
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TABLE III 


RESPIRATION OF JONATHAN APPLE FRUITS SHOWING OXYGEN UPTAKE, CARBON DIOXIDE 
EVOLUTION, AND RESPIRATORY QUOTIENT CO,/O, 











Cu. MM. PER GM. PER 30 MIN. 
SAMPLE No.* ARE Re Sk 


| CO, EVOLUTION | R.Q.CO,/0, 








13.56 8.02 0.59 
8.88 5.23 0.44 
9.53 0.54 


Average 0.52 


0.43 
0.46 
0.46 
0.49 
0.46 
June 30 9.3: 5.5! 0.60 

3.75 0.60 
0.57 
0.68 
Average ‘ mf 0.61 
1 3.7 3.65 0.54 
2 i. F 0.58 
3 3.72 3.68 0.54 
4 : 18 0.58 
Average 1.6 3. 0.56 








July 12 . 5. 0.93 
0.90 
0.81 
0.89 


0.88 


0.90 
0.90 
0.91 
0.95 


0.92 


0.90 
0.92 
.66 0.94 
26 0.93 
Average | 5.1% 4.7] 0.92 


Average 


1 


9 


3 
+ 


Average 


_— 
or 


em He Co Co WwW 


July 26 


— 


oreo 





* A section of apple (cut longitudinally) was used for each determination. 


rather variable in regard to their respiratory behavior. It is of interest to 
observe from tables II and III the extent of the variation in oxygen con- 
sumption and carbon dioxide evolution of the four individual apples of each 
day’s determination. While certain fruits varied considerably from the 
mean others behaved remarkably alike. 
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Figure 3 shows graphically the course of oxygen consumption during 
the period of this experiment. The rate of respiration May 23 was some- 
what higher than the rate later in the season, but during the latter part of 
May and early June the rate of gaseous exchange was extremely high. It is 
of interest that this period corresponds very closely to that found (6) when 
there is a rapid proliferation of cells throughout the flesh of the apple 
immediately following ‘‘fruit setting.’’ This stage was of short duration 
and the high rate of divison was probably stimulated by the fertilization of 
the ovary (3). According to Kostycnev (5), pe Saussure is credited with 
the statement ‘‘that after pollination the respiration of the fruiting growth 





CuMm. Oz PerGm.Per 50 Minutes 


_— i 8 FF ae 2 18.26 
May June daly 








Fig. 3. Oxygen consumption of respiring Jonathan apples, May 23-July 26. The 
break in the curve indicates the time when fruit sections rather than whole fruits were 


used for measurement. 


becomes very vigorous, a condition which is obviously connected with the 


> The eurve shows 


formative processes in the organization of the embryo.’ 
that the peak in oxygen uptake was reached about May 30 and then decreased 
‘apidly until June 22. For the remainder of the period the respiratory 
rate decreased only slightly. The break in the curve indicated by the dotted 
line on June 22 marks the point where wounded fruit sections were first 
measured. From this time sections of the apples as large as the vessels 
would permit were used and the dotted line indicates the extent of the stimu- 
lation due to wounding as well as the increase in respiratory activity result- 
ing from the increased surface. It would appear then that the use of the 
wounded section increased the rate of respiration about 63 per cent. It is 
of interest that the curve representing oxygen uptake (fig. 3) corresponds 
very closely to the carbon dioxide curve of KrorKov (4) in which he showed 
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initial respiration rates of apple fruits during ontogeny. His first sampling 
date was June 14, at which time the respiration rate was at its peak. While 
the two curves are very similar qualitatively for the period of the season 
covered, KrotKov found a considerably greater amount of carbon dioxide 
produced during June by the MeIntosh than was found in this study for the 
Jonathan. 

The R. Q. remained quite constant between individual apples of each 
day’s determinations as well as between those of different days, but there 
was a progressive decrease in the value of this ratio from 0.84 on May 23 to 
0.46 on June 26, when it began to inerease, and on July 26 was 0.92. It 
must be kept in mind, however, that until June 22 measurements were made 
on whole apples, while after June 22 wounded tissue was involved. The 
data suggests that the R. Q. was not affected by the wounding, otherwise it 
would have no doubt changed more abruptly at the time wounding was 
begun. Some work, however, should be done to determine the effect of a 
variable specific surface on the R. Q. of apple tissue at different stages of 
development. 

The greater oxygen consumption than carbon dioxide evolution may be 
due to oxidative anabolism. While the acids decreased on a percentage 
basis as the fruits developed they did not decrease as rapidly as the fruits 
increased in size. <A synthesis of acid, such as malic, would help account for 
the relatively high oxygen uptake. The percentage of ether soluble mate- 
rials decreased markedly as the fruits developed; therefore it is possible 
that the high oxygen consumption may have been due in part to the respira- 
tion of some fatty substances. The fruits were not kept in complete dark- 
ness during the experiment, but the light intensity was so low that it is 
doubtful that the low R. Q. could be due in any appreciable amount to any 
photosynthetic effects. 


Summary 


The Warburg apparatus employing the Barcroft differential manometer 
was discussed in relation to measuring the respiration of developing Jona- 
than apples. 

There was considerable variation in respiration rate between the different 
apples measured on the same day. 

The rate of respiration was high during the period immediately follow- 
ing ‘‘fruit setting,’ 
period. 


’ and then decreased gradually for the remainder of the 


When sections of fruits were used for measurement the increased surface 


and the effect of the wounding increased the rate of oxygen consumption 
about 63 per cent. 
The respiratory quotient decreased from 0.84 May 23 to 0.46 June 28, 
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at which time it began to increase, and on July 26 was 0.92. The R. Q. 
appeared to be little affected by the use of the wounded apple sections. 


BRIGHAM YOUNG UNIVERSITY 
Provo, UTAH 
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EFFECT OF EXTERNAL FACTORS ON TOMATO PIGMENTS AS 
STUDIED BY CHROMATOGRAPHIC METHODS! 


F. W. Went, A. L. LEROSEN, ann L. ZECHMEISTER 


So far as we know most of the work on the effect of environmental con- 
ditions on the carotenoid production in plants has been carried out with 
leaves. Since WILLSTATTER and STouu’s work (8) it has been known that 
the carotene and xanthophyll content are remarkably constant and relatively 
little influenced by some environmental factors. Only extreme changes in 
age and in concentration of nutrients decrease substantially the carotenoid 
content of leaves. 

Table I supports this conclusion for leaves of Marglobe tomatoes. Like 
most of the plants used in the following investigation those mentioned in this 


TABLE I 


EFFECT OF NIGHT TEMPERATURE VARIATION ON THE PIGMENT AND SUGAR 
CONTENT OF TOMATO LEAVES 


TEMPERATURE 








: , CHLOROPHYLL| REDUCING 
Dry XANTHOPHYLL, CAROTENE, » R ‘ 


(RELATIVE | SUGARS + 
WEIGHT RY LEAVES r LEAVES 
Day | Nieur _ ee | set eee UNITS) SUCROSE* 











ef, °C. % mg./100 gm. mg./100 gm. % 
26.5 | 20.0 9.7 42.8 29 4.1 

















14. 
26.5 26.5 15. 12.1 42.8 2.4 





* The sugar is given in gm. per 100 gm. dry weight. 


table were grown in air-conditioned greenhouses, in which the temperature 
was kept constant within + 1° C., and the humidity was controlled within- 
5 percent. During the day the plants were exposed to natural daylight (on 
revolving tables), the light intensity being 50 per cent. of the outside light. 
Day temperature refers to the period of 8 a.m. to 4 p.m., night temperature 
from 4 P.M. to 8 a.m. Although physiologically the two sets of plants of 
table I differed very much, especially in growth rate, fruitfulness, dry weight 
and sugar content of the leaves, no essential difference in the carotenoid con- 
tent of the leaves was found. This indicates that the tomato fruit is a more 
favorable object for studying carotenoid formation. 

Previous work [DuaGaar (1), von Euuer, KArrer, von Krauss, and 
WALKER (2), KuHN and GruNDMANN (4), SmirH (6)| has shown that en- 
vironmental as well as genetic conditions (5) have a profound effect on 

1 Kerckhoff Laboratories of Biology, and Gates and Crellin Laboratories of Chem- 
istry, California Institute of Technology, Pasadena. Communication no. 847. 

Report of work done with the assistance of the Works Project Administration, O. P. 

no. 165-1-07—172, Scientific Research in Plant Physiology. 
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carotenoid formation in tomatoes. For this reason the dependence of the 
carotenoid content of tomato fruits on some external factors was investi- 
gated. The use of the chromatographic method permits the estimation of the 
individual carotenoids in such detailed manner as is desirable in each case. 

Before the experimental results are given, the individual variability of 
pigment content of fruits must be discussed. Table IIT shows that in con- 


TABLE II 


INDIVIDUAL VARIATIONS OF THE CAROTENOID PIGMENT IN RIPE TOMATOES GROWN UNDER THE 
SAME CONDITIONS (DAY TEMPERATURE 26.5° C., NIGHT TEMPERATURE 20° C, 
THE PIGMENT CONTENT IS EXPRESSED AS MG./100 GM. OF DRY FRUIT) 








TOTAL | 

WEIGHT PIGMENT,* | | 
PLANT oF Tas saa LyYco- B-CARo- : ENE/ CAROTENE 

No FRUIT PHOTO- PENE come - | TOTAL ———_—— x 100 
a ANA- METRICALLY —_ ‘NE | prament |UYCOPENE 
LYZED AS ‘*LYCO- | 


PENE’’ | 


| LYCOP 








qm, 
110 
112 
224 
168 
150 
121 
138 
95) 
209 § 
178 
| 103 


236 

252 BL 0.73 
364 : 17. 0.79 
462 8 0.79 
356 18. 0.79 
282 ‘ 0.75 
354 18.! 0.76 
403 346 16.8 | 0.86 


aa 16.8 0.86 5.0 
- oo 418 : 15.9 0.88 5.4 


Cine ee Be es hs ee) 





oo 





od et et et et Ft OD ODD 








* Tomatoes of tables II and IIT having the ratios: 0.70-0.75, 0.76—0.79, or 0.83-0.88, 
respectively, contained in the average 230, 292, or 317 mg. of lycopene in 100 gm. of dry 
fruit. 
trast with the leaf carotenoids the carotenoid content of ripe tomato fruits 
(even in the same plant) varies within wide limits. Since it is known (4) 
that during ripening of the green fruit, B-carotene increases slowly but 
lyeopene very rapidly, the ratio between these two pigments indicates 
whether the variability is due to differences in ripeness or to inherent differ- 
ences in pigment formation. For the ten fruits in table II the ratio caro- 
tene /lycopene has a probable error of only 5 per cent., whereas the lvcopene 
content has a probable error of 8 per cent. This shows that the variation in 
the total pigment content is not primarily due to differences in ripeness. 
Furthermore, there seems to be a correlation between size of fruit and lyco- 
pene concentration: the larger the fruit the higher the lycopene concentra- 
tion. The carotene content does not show a similar relationship. Obviously 
the individual variability in carotenoid content is due to other factors than 
those controlled in the present experiments. 

We can now consider table III which refers to tomatoes ripened on plants 
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growing under different environmental conditions. As can be seen from the 
last columns, these conditions were chosen to produce large differences in 
fruit growth. 

Tomatoes developed well only in those plants which were kept dark at 
20° C. during the night. Whenever the night temperature was 26.5° C., or 
when the plants were kept in artificial light at 20° C. during the night, few 
or no tomatoes developed, and the fruits were small and often showed blos- 
som-end rot. Some other physiological differences observed between these 
plants such as opening width of stomata, auxin concentrations, ete., will not 
be considered in this connection, since they do not seem to bear any relation 
to the carotenoid pigment development. It is, however, important that 
vegetative growth of all the plants mentioned in table III was normal, 

Due to the variability of carotenoid concentration from fruit to fruit, it 
is impossible to compare individual values of the differently treated fruits, 
and in those cases where fruit growth was poor, usually only a single tomato 
of sufficient size without disease symptoms could be analyzed. 

A glance at table III shows that all carotenoid figures (total extract, 
xanthophyll, lycoxanthine, lycopene and B-carotene) can easily be placed in 
two groups: one with high, and the other with low carotenoid content. 
Whenever the concentration of one carotenoid is decreased, most others show 
similar behavior. This grouping coincides with a grouping according to 
fruit growth and fruit size. Under favorable growth conditions for the 
fruit a low carotenoid concentration was found; in the opposite case the 
carotenoid concentration was significantly higher. As concluded from table 
II, such differences are not a function of fruit size, but reflections of the 
physiological conditions under which the fruits have grown. (Any other 
grouping of the fruits, according to day temperatures or night illumination, 
does not give significant differences. ) 

* Between the fruits receiving a low night temperature without additional 
light (A and B, table III), and the fruits which grew either at high night 
temperature (E, F'), or were illuminated during night (C, D), the difference 
in carotenoid concentrations is highly significant. If we compare the lyco- 
pene concentration in the ten fruits of table II with groups A and B (table 
III), it is clear that the former do not show a significantly higher lycopene 
content than the latter, grown under the same conditions but analyzed a 
month earlier. 

Since fruits grown both at 20° and 26.5° C. are in the carotenoid-rich 
group, the temperatures mentioned do not influence carotenoid formation 
as long as the fruit is attached to the plant. In such fruits the physiological 
condition of the plant, especially the factors important for fruit develop- 
ment, control the bio-synthesis of lycopene (and other carotenoids). 

In detached fruits the lycopene formation is influenced by different 
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factors, and in this case the temperature is of paramount importance. As 
observed by earlier authors, lycopene formation does not oceur above 30° C. 
(1, 2, 4, 6, 7), but the fruit turns yellow when the chlorophyll disappears. 
It has also been stated that on cooling under 30° C. the red color caused by 
lycopene gradually develops. These findings were confirmed in new experi- 
ments and furthermore they were put on a more quantitative basis by the 
chromatographic estimation of individual carotenoids. Table IV lists some 


TABLE IV 


EFFECT OF RIPENING TEMPERATURE ON TOMATO CAROTENOIDS 
(THE FIGURES DENOTING PIGMENT CONTENT REFER TO MG. PER 100 GM. OF DRY FRUIT) 














DRY WEIGHT 
TOTAL PIGMENT 
AS ‘*‘ LYCOPENE’’ 
XANTHOPHYLL 
LYCOXANTHINE 
LYCOPENE 
NEO-LYCOPENE A 
NEO-LYCOPENE B 
UNIDENTIFIED 
CAROTENOID 
y-CAROTENE 
UNIDENTIFIED 
CAROTENOID 
f-CAROTENE 
B-CAROTENE 
NEO-f§-CAROTENE | 


ISOMER OF 


























a 


°C. mg. .|mg. | mg. 
26.5 2.0 | 340 | 5.1 | 9.2 | 270.0* 
| 


33.0 a ieee |... | t 3a 





3 

S 
+ 3 
a S 








33 —> 26.5 134 2 | 2.2 55.0 











* Includes neo-lyeopenes A and B. 


t Includes neo-f-carotene. 


data concerning tomatoes, which were picked at a time when they started to 
turn yellow. These plants had been subjected to a day temperature of 26.5° 
C., and a night temperature of 20° C. When some of the fruits were stored 
at 2° C. for 3 months, no change in color occurred, and the fruits remained 
yellowish green. This fact has already been noticed by VocreLe (7) for a 
storage period of 2 to 3 weeks. When similar fruits were kept in a thermo- 
stat at 33° C., however, the color changed within 1 to 2 weeks to a bright 
yellow and remained unaltered for 2 to 3 more months without any further 
lycopene formation. After a transfer from 33° to 26.5° C., a gradually deep- 
ening red color appeared soon, especially along the locule walls, which 
became clearly visible through the outer walls. Now the lycopene content 
was more than three times higher than it had been at 33° C. 

Another series of experiments was also carried out with tomatoes pre- 
treated at 33° C. These fruits from a commercial greenhouse*® were carefully 
selected from a large supply of fruits in almost identical state of unripeness. 
Full ripeness of some of these tomatoes was reached at 26.5° C. in 12 days. 
Others were kept at 33° C. for 42 days during which time hardly a trace of 


2 The fruits were kindly furnished by Mr. E. Brunpin of Montebello, Calif. 
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lycopene appeared in the golden-yellow fruits. Then they were divided into 
five groups, each of which was kept at a certain temperature for 15 days. 
Their carotenoid and sugar content was then determined (table V). There 


TABLE V 


EFFECT OF TEMPERATURE ON TOMATOES TRANSFERRED FROM 33° TO OTHER TEMPERATURES 
AT WHICH THEY REMAINED FOR 15 DAYS. (FIGURES DENOTING PIGMENT REFER TO 
MG. PER 100 GM. OF DRY WEIGHT. THE SUGAR IS GIVEN AS GM. IN 
100 ML. OF EXPRESSED JUICE). 








TOTAL 
Dry PIGMENT 

WEIGHT AS ‘*LYCO- 

PENE’’ 


REDUCING 


LYCOPENE |B-CAROTENE SUGARS + SUCROSE 





°C. % mg. mg. mg. 

2° 1.84 52 18 32.5 
11° 2.11 111 60 29.5 
19° 1.41 362 270 53.0 
26.5° 1.9 149 82 47.0 
33° 2.7 


25 6.5 13.0 




















is an undeniable optimum for lycopene (and to a less extent of B-carotene) 
formation near 19° C. The lycopene content of these fruits is of the same 
order of magnitude as that of fruits ripened on plants at 20° C. (compare 
with tables II and III). A further interesting fact is that the sugar con- 
tent of the fruits treated as described was of the same order of magnitude 
as when ripened under normal! conditions (3.25 per cent.). 

Frequently an optimum temperature for physiological reactions is con- 
ditioned by the slowness of action at lower temperatures and by inactivation 
of enzymes at higher temperatures, by a diversion of reaction products or by 
a general decrease in vitality. Such a sharp temperature optimum as ob- 
served in the lycopene formation constitutes, however, an exceptional physio- 
logical behavior. The lycopene formation is completely arrested even at 33° 
aithough it proceeds at a maximum rate at 19° C. No destruction of the 
synthetic mechanism occurs, for after a return to lower temperatures lyco- 
pene appears. Neither is the bio-synthesis of carotenoids directed in other 
channels, and no other pigments are produced or increased at the expense of 
lycopene (tables IV and V). The @-carotene content is not much higher at 
33° than at 26.5° C., nor is the alkali-soluble pigment apparently increased 
(comp. 2). The lack of lycopene formation cannot be explained by disap- 
pearance of building stones. The latter are available at any moment when- 
ever the temperature approaches its optimum. Other important reactions 
proceed normally at 33° C. in the tissue, such as chlorophyll disappearance, 
and £-carotene formation. 

One more observation may be mentioned in this connection. When 
unripe green or yellowish-green tomatoes were transferred to 33° C. a few 
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fruits developed a small amount of lycopene in the first few days but this 
formation did not proceed. A possible explanation of this phenomenon 
would be that the bio-synthesis of lycopene takes place in several steps, and 
that the first step is temperature-sensitive, whereas the final reaction can 
oceur at 33° C. Such a complexity of the lycopene synthesis is also indicated 
by the difference in optimum temperatures. Whereas in isolated fruits, pre- 
ripened at 33° C., the optimum temperature is about 19° C., in fruits at- 
tached to the plant the lycopene content was higher at 26.5° than at 20° C. 
We may point out that Karrer, HELFENSTEIN, WEHRLI AND WETTSTEIN 
(3) have already assumed from structural chemical considerations that 
several successive reactions lead towards the building up of carotenoids. 

It appears that lycopene formation in detached tomato fruits offers an 
exceptionally suitable case for the study of carotenoid formation as depen- 
dent upon external factors. Whereas $-carotene synthesis occurs in a plant 
under almost any condition favorable for vital processes, lycopene formation 
in detached fruits is controlled by a process which has an extreme tempera- 
ture sensitivity. Furthermore, the amount of lycopene normally formed is 
so large that its quantity is by no means negligible in the balance of metabo- 
lism. Nevertheless, the presence or absence of lycopene does not seem to 
influence physiological processes in general. 


Method of analysis 


The procedure of extraction represents an improvement over that pre- 


viously used (5). For extracting the pigment from the wet material two 
solvents (methanol and petroleum ether, b.p. 60° to 70° C.) were used simul- 
taneously and in such proportions that two liquid phases were formed. 
Fifty gm. of tomato flesh containing about 5 mg. of carotenoids was mashed 
ina mortar. This was continued for a few minutes after the addition of 
50 ml. of methyl aleohol. The suspension was washed with 50 ml. methanol 
into a 300-ml. wide-mouthed flask and 100 ml. of petroleum ether were added. 
When shaken on a machine for 15 min., extraction occurred as the aleohol 
penetrated and dehydrated the tissue, whereby pigment was continuously 
transferred into the petroleum ether. After filtering through a Buchner 
funnel the solid residue was ground again in a mortar and twice more sub- 
mitted to the operations described. The final residue was white. Its weight 
may be used as an important characteristic. Water (about 1 volume) was 
added to the combined three filtrates, transferring the total pigment into the 
petroleum layer which was then washed alcohol-free, dried over sodium 
sulphate and diluted to 500 ml. with petroleum ether for the photometric 
estimation. 

For this purpose a PULFRIcH Gradation Photometer (Zeiss, light filter 
S 47) was used. The best photometric values for lycopene and £-carotene 
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have been determined by CHOLNoKy and are now in print. According to 
this author the extinction coefficients for lycopene in petroleum ether solu- 
tion : 0.1, 0.5, and 1.0 respectively correspond to 0.036, 0.187, and 0.396 mg. 
of lycopene in 100 ml. The corresponding values for $-carotene are: 0.042, 
0.208, and 0.434 mg. 

All pigments were identified spectroscopically in an Evaluating Grating 
Spectroscope devised by Lozrwe and Scuumm (Zeiss, light filter Jena BG 7, 
thickness 2 mm.). 

The solution was evaporated in vacuo to about 20 ml. and chromato- 
graphed on calcium hydroxide (Shell). The column (3.3x23 em.) was 
successively developed with petroleum ether, with the same solvent contain- 
ing 5 per cent. and finally 10 per cent. of acetone. At the end of the develop- 
ment some brownish layers were visible near the top of the column, followed 
by a thinner red zone of lycoxanthine and the broad lycopene zone. Just 
below the latter some smaller bands appeared under which a well separated 
orange layer indicated B-carotene. For the purpose of some experiments 
(tables II and V) it was satisfactory to cut out only the lycopene and the 
B-carotene zones. These pigments were eluted with alcohol-petroleum ether 
(1:3), transferred into petroleum ether by addition of water, washed alcohol 
free, and estimated photometrically. 

For a more detailed analysis, as given in tables III and IV, all layers 
were investigated in the photometer and spectroscope. Since the components 
below y-carotene were not well separated on the adsorbent used, the section 


TABLE VI 


DETAILED CHROMATOGRAPHIC SEQUENCE OF TOMATO CAROTENOIDS AS OBSERVED WHEN THE 
DATA FOR TABLE III WERE COLLECTED. ALL SPECTRA REFER TO PETROLEUM 
ETHER SOLUTION. ADSORBENT: CALCIUM HYDROXIDE (THE FIRST FOUR 
LAYERS WERE RE-CHROMATOGRAPHED ON CALCIUM CARBONATE). 


DESIGNATION 











A 
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SPECTRA (mp) 








Unidentified (blurred) 
492.5 460.0 
Xanthophylls 501.0 472.0 

527.0 494.5 459.5 
Lycoxanthine 504.0 473.0 443.0 
Lycopene 504.0 473.0 444.5 
neo-Lycopene A 498.5 467.5 438.5 
neo-Lycopene B 496.0 465.0 (436.0) 
Unidentified 471.0 442.5 

y-Carotene 494.5 464.0 431.0 
neo-y-Carotene (?) (traces) 

Unidentified 428.5 (only 1 band) 

Unidentified 428.5 ais 
B-Carotene isomer 480.! 
Unidentified | 424.5 
p-Carotene 484.! 
neo-B-Carotene 476.5 
Unidentified (traces) 
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of the column containing this group was not subdivided but eluted with 
alcohol-petroleum ether (1:3). The elute was washed, dried, concentrated 
to about 5 to 10 ml., rechromatographed on calcium hydroxide and developed 
with petroleum ether until a good division became possible (table VI). 

For the leaves the same procedure was used except that the adsorbent 
was calcium carbonate and developer was petroleum ether. The chlorophyll 
was estimated in the whole extract using light filter S66 (Zeiss, Jena). The 
values given correspond to the extinction coefficient of the extract from 20 
gm. of wet material in 2500 ml. of petroleum ether. 


Summary 


The chromatographic method which permits the detection and quantita- 
tive estimation of each individual carotenoid contained in a complicated 
mixture was applied to the study of some physiological factors on the pig- 
ment of tomato. Whereas the carotenoid content of tomato leaves is remark- 
ably constant, that of ripe fruits is widely variable. This variability is 
partly caused by unknown external or internal factors but partly depends 
on physiological conditions of the parent plant. Whenever they are grown 
under conditions favorable for fruit development, the lycopene and total 
carotenoid concentrations in fruits are low. Poor fruit growth conditions 
favor higher lycopene concentration. When detached tomatoes are ripened 
at 33° C., no lycopene is formed although all other pigments develop nor- 
mally. After a prolonged stay at 33° the mechanism of lycopene formation 


is still unimpaired and shows a sharp optimum near 19° C. The B-carotene 
content of tomatoes is very little influenced by the external conditions 
studied. 
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EFFECTS OF SOME CHEMICALLY INERT DUSTS UPON THE 
TRANSPIRATION RATE OF YELLOW 
COLEUS PLANTS‘ 


ELIZABETH WAGNER BEASLEY 


(WITH THREE FIGURES ) 


Introduction 


The increase in the transpiration rate of plants treated with certain dusts 
has been observed by numerous investigators. When it was found that some 
chemically inert materials, such as tale, brought about increases in water 
loss, the question arose as to the mode of action of such compounds upon the 
tissue of the leaf. Two theories have been advanced: (1) that the particles 
of dust bring about increases in water loss through an accelerating effect 
upon cuticular transpiration, and (2) that the effect is upon stomatal trans- 
piration alone. There is experimental evidence, cited in a recent paper (4), 
to support both theories. 

In an attempt to obtain critical evidence as to whether inert dusts affect 
cuticular or stomatal transpiration or both, the present experiments were 
conducted with coleus plants, which have stomata on only the lower leaf 
surfaces (1). Chemically inert dusts (silica, tale, and Bancroft clay) were 
applied to one leaf surface or the other, and the relative effects on the day- 
time and night water losses were measured. The results of these experi- 


ments show that for dusts to cause an increase in water loss the dust particles 
must be small, and the dust must be applied to the stomata-bearing side of 
the leaf when the stomata are open. 


Procedure 


In June, eight-inch coleus plants were removed from the greenhouse, 
repotted in rich garden loam in 5-inch paraffined pots, and placed on a 
wooden bench under a shelter. The roof protected the plants from direct 
sunlight and from rain, while the open sides allowed a free circulation of air 
around the plants. The plants were shaded, since in an earlier investigation 
it had been found that after coleus plants were exposed to direct sunlight for 
several weeks they did not change transpiration rate upon treatment with 
dusts. The first series of these experiments was started four weeks after 
the plants had been repotted. 

During the summer four series of experiments were conducted, with fif- 
teen to twenty-five plants in each series. For each test of a particular dust 
in each series at least three plants were treated, and three were used as 

1 Certain apparatus used in this study were loaned to the author by the Ohio State 
University. 
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checks. Not all the tests were repeated in each series. Groups of plants 
used in a series were chosen for uniformity in size and leaf area, and an 
attempt was made to have a random distribution of the test plants in the 
arrangement on the bench. 

The procedure for sealing the pots, weighing, and dusting was the same 
as that described in a previous paper (4). Weighings were made morning 
and evening, and they were timed so that one 12-hour period included all 
the hours of darkness. 

The dusts were washed in several changes of distilled water to remove 
chemical impurities and then dried. The materials used were Bancroft clay, 
fine tale, coarse tale, and silica. Measurements of several hundred particles 
of each dust showed that Bancroft clay had no particles larger than 3 in 
diameter, fine tale had 88 per cent. of the particles smaller than 6 1, coarse 
tale had 21 per cent. smaller than 6, and silica had 70 per cent. of the 
particles smaller than 6. While many of the silica particles were small, 
this dust showed little tendency to adhere to the leaf surfaces, in contrast to 
the behavior of the other materials. 

The dusts were applied in the afternoon between 2:00 and 4:00 p.m. 
unless otherwise noted. The plants were weighed morning and evening for 
four to five days before the dusts were applied, and the weighings were con- 
tinued for a week to ten days after treatment. At the end of that time most 
of the effects of the dusts had disappeared and the plants were discarded. 


TABLE I 


SUMMARY OF THE EFFECTS OF BANCROFT CLAY, SILICA, FINE AND COARSE TALC UPON 
WATER LOSS OF COLEUS PLANTS* 





























DAYTIME WATER LOSS NIGHT WATER LOSS 
DUST USED SERIES SERIES 
ee 3 4 : TST 3 | 4 

Bancroft clay, upper surface 0 0 0 0 0 0 r 0 | + 
Bancroft clay, lower surface + + 0 + +¥ +f) + +% 
Fine tale, upper surface — - 0 0 ee ihe 0 +¥ 
Fine tale, lower surface 0 0 0 0 + 0 + +H 
Coarse tale, upper surface 0 0 we - 
Coarse tale, lower surface 0 0 0 - | - 0 
Silica, upper surface ... 0 ae 
Silica, lower surface .... 0 0 0 | - 
Bancroft clay, upper surface 

(applied at midnight) 0 wee 0 
Bancroft clay, lower surface 

(applied at midnight) 0 = 0 

* + indicates a statistically significant increase in water loss. 


— indicates a significant decrease. 

0 indicates no significant change. 

~ placed after + or — indicates a ¢ value twice or more greater than that required for 
significance on the 0.01 level. 
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Results 


The data obtained from the four series run during the summer were 
subjected to an analysis for variance according to the methods given by 
SNEDECOR (3). When the odds of any change in the water loss were 99 to 1 
or more that this change was not due to chance, but was the result of the 
dusting, the effect of the treatment was considered to be significant. In 
table I the results of these calculations are summarized. 

ORDINATES=i2HOUR INTERVALS 
ABSCISSAE=: RATIO OF WATER LOST 
CHECK VALUE =! 
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Fig. 1, The effects on daytime and night water loss caused by Bancroft clay and 
fine tale dusted on the upper or lower leaf surfaces of coleus plants. 


The data from some of the series are depicted graphically in figures 1, 2, 
and 3. These curves indicate the day by day ratios of the water lost by the 
dusted plants to that lost by the checks, thus correcting for variations in 
water loss common to all the plants. The curves show the transpiration 
rates before and after dusting. 

The striking fact about the daytime water loss is the small effect which 





104 PLANT PHYSIOLOGY 


the dusts had on the transpiration rates of the treated plants (table I, and 
figs. 1 and 2). Bancroft clay applied to the under surfaces of the leaves 
was the only dust which brought about a significant increase in water loss 
in three of the four series. Fine talc, in two of the four series, reduced the 
amount of water lost when it was on the upper surfaces of the leaves. This 
effect probably resulted from its light-reflecting properties, since it was the 
whitest of the dusts. There were no other significant changes in the daytime 
water loss. 


ORDINATES= 12 HOUR INTERVALS 
ABSCISSAE= RATIO OF WATER LOST 
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Fig. 2. The effects of four dusts applied to the under surfaces of the leaves on the 
daytime and night transpiration rates of coleus plants. 


The effects of the dusts on the night water loss were much more pro- 
nounced than the daytime effects. The comparison of the daytime and night 
water loss from the dusted plants can be seen in figures 1 and 2. It is evi- 
dent from table I that with Bancroft clay as the test material, a highly sig- 
nificant inerease in transpiration occurred in all the series where this dust 
was applied to the under surfaces of the leaves; where it was applied to the 
upper surfaces, however, in only one series was there a significant change 
in the rate of water loss. This change was probably the result of some of the 
dust reaching the under surfaces of the leaves while it was being applied to 
the upper sides, since it is a very fine powder. The curves in figure 1 show 
the change in the transpiration rate when plants were dusted on the lower 
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leaf surfaces compared with the effect when dusts were applied to the upper 
surfaces of the leaves. 

Fine tale brought about the same results as Bancroft clay in the night 
transpiration, although in each test, Bancroft clay brought about greater 
inereases in transpiration than did the fine tale (figs. 1, and 2, and table I). 
Coarse tale on the upper surfaces had no effect in one series; in the other 
there was a slight but statistically significant decrease in night transpira- 
tion. Coarse tale applied to the lower surface, in one series had no effect, 
while in two other series there was a significant decrease in transpiration 
(table I). Silica, in the only series in which it was applied to the upper 
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Fig. 3. The increases in night transpiration of three coleus plants dusted on the 
under surfaces of the leaves with Bancroft clay. 





surfaces of the leaves, had no effect; when it was dusted on the lower sur- 
faces, a decrease occurred in the night water loss in one series, in the other 
series there was no change. Figure 2 shows the effects of all four dusts on 
daytime and night water loss when they were applied to the under surfaces 
of the leaves. 

In order to indicate the uniformity of response of different samples sub- 
jected to the same treatment, figure 3 is included. The response of three 
different plants to Bancroft clay dusted on the lower surfaces of the leaves 
is shown; there was a large and similar increase in the night transpiration 
rate of each plant. The greatest change in night water loss observed was 
that lost from a plant dusted with Bancroft clay on the lower leaf surface. 
The night loss before dusting was 2 grams, while that after dusting was 
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10 grams. Weather changes caused a variation in daytime losses per plant 
of from 20 to 80 grams a day. 


Discussion and conclusions 


When any materials, inert dusts or insecticides and fungicides, bring 
about changes in the transpiration rate, there must be a change in the euticu- 
lar or the stomatal water loss or both. It is difficult to understand how a 
chemically inert material could change the permeability of the cuticle or 
bring about other changes that would result in an inerease in cuticular trans- 
piration. The suggestion of some investigators, that there is a surface film 
effect, is difficult to reconcile with the usual idea that the water of transpira- 
tion is in vapor form in the stomatal openings. The remaining, and to the 
writer the most logical, explanation is that there is a mechanical effect of the 
dust particles upon stomatal transpiration; that is, the stomata are pre- 
vented from closing by the small particles of dust lodged in the openings. 

The evidence from these experiments (table I) that these dusts affect 
stomatal transpiration will be summarized. In most cases the night water 
loss only is increased by dusting. The stomata were observed to be closed 
at night, and for plants of this type the water loss at night is generally 
thought to be cuticular (2). If the application of a dust causes an inerease 
in this night water loss of from one and one-half to five times as much as it 
was before treatment, it is quite possible that the increase came from a 
change in the condition of the stomata, although a change in cuticular trans- 
piration could bring about the same result. 

If, however, to this evidence be added the data that this night increase 
results only when the dusts are applied to the leaf surface bearing the sto- 
mata, the explanation that cuticular transpiration is increased by dusting is 
inadequate to explain the facts. If the latter were true, then the increase 
* should be equally as great (or greater) when the dusts are applied to the 
upper surfaces of the leaves as when the lower surfaces are dusted. This 
was not the result in these experiments. 

In addition, it was found that only the finer dusts, Bancroft clay and 
fine tale, were effective in producing these increases in water loss. These 
two dusts had all or most of the particles below 6 y in diameter ; the diameter 
of the stomatal opening in coleus is about 5. Silica had a large percentage 
of small particles but they were quite crystalline and did not adhere to the 
leaf. There seemed to be a range of particle size above which there was no 
effect, or even a slight reduction in transpiration occurred, as was shown in 
the data for coarse tale and silica (table 1). It is possible that a layer of 
dust particles too large to affect the stomata could act somewhat as an insu- 
lating layer, decreasing even the small amount of the ordinary night loss. 

The fact that when Bancroft clay was applied to the under surfaces of 
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the leaves in the daytime, a much greater increase in transpiration was 
eaused than when this dust was applied at midnight (table I), lends addi- 
tional support to the theory that the dust particles prevent complete closure 
of the stomata. Some particles were seen in the stomata of plants dusted 
with Bancroft clay. Such observations, however, are difficult to make be- 
cause of the indistinct outline of the smaller particles, especially at the 
magnification required to see the stomata on the uninjured leaf. 

The decrease in effect of the dusts with age and increasing hardiness of 
the leaves may be the result of increasing inactivity of the stomata on the 
older leaves (compare the ratios in figure I, from the first series, with those 
in figure 2, which shows data from the last series). This lack of response 
of the older plants is an indication that under field conditions the particles 
of dusts, or of the diluents used in insecticides and fungicides, probably have 
no effect on the transpiration rate of the dusted plants. The lag in the rate 
of the change of water loss after dusting, apparent in some of the curves, is 
difficult to explain, and is not usually obtained in such experiments. 

Most of the variations in the results in table I have been accounted for 
elsewhere in the paper. Bancroft clay applied to the lower surfaces brought 
about an increase in the water loss in the daytime in three of the four series, 
a fact that must be explained on the basis of a change in stomatal transpira- 
tion, since no increase occurred when this dust was on the upper surfaces 
where there are no stomata. Perhaps under ordinary conditions some of 
the stomata are closed during part of the day, and some of these are kept 
open by the particles of dust. 

Summary 


As a test for the effects of chemically inert dusts (Bancroft clay, fine and 
coarse tale, and silica) on the transpiration rate of plants, ninety potted 
yellow coleus plants, divided into four series, were used. Weights were 
taken morning and evening before and after dusting with these materials 
for a period of from ten days to two weeks. 

The results, upon statistical analysis, indicate that usually the only 
result is an increase in night water loss, and then only when dusts with fine 
particles, Bancroft clay and fine tale, are applied to the under, stomata-bear- 
ing surfaces of the leaves. Dusts on the upper surfaces had no effect, nor 
did dusts applied at midnight when presumably the stomata are closed; the 
daytime rate of transpiration was slightly affected by Bancroft clay only. 
Since the stomata are on the under surfaces of the leaves only, the results 
indicate an effect upon stomatal transpiration, probably the action of the 
dust particles to prevent complete closure of the stomata at night: The sto- 
matal openings are larger than most of the particles of the two finer dusts. 

The smaller dust particles had the greater effect on water loss, and the 


younger and more tender plants showed a greater response to treatment. 
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Apparently dusts would have little effect on the transpiration rate of hardy 
plants in the field. 


AGRICULTURAL EXPERIMENT STATION 
CoLLEecE Station, TEXAS 
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DIFFERENCES IN GROWTH LIMITATION OF CERTAIN PLANTS 
BY MAGNESIUM AND MINOR ELEMENT DEFICIENCIES 


ANNA L. SOMMER AND AARON BAXTER 


(WITH THREE FIGURES ) 


A number of commonly grown plants were chosen for an experiment to 
determine if certain Alabama soils were deficient in magnesium and the 
so-called ‘‘minor’’ elements. The different plants varied so much in growth 
when the soils were deficient in these elements that a description of the dif- 
ferences appears to be valuable from both the physiologic and agronomic 
point of view. These differences are not surprising since, within recent 
years, tobacco and potatoes have been found to respond to magnesium more 
often than some other crops, while beets, turnips, and celery are more fre- 
quently benefited by boron fertilization. 


Experimental procedure 


Sixteen soils from widely distributed fields were brought into the green- 
house. Two-gallon crocks, coated with paraffin to preclude contamination 
with traces of the various elements from the wali, were used as containers. 
Although various fertilizers were included, only those pertinent to the dis- 
cussion will be described in this paper. They are as follows: 

. NaNO,;, KH,PO,, CaSO, 

. NaNO;, KH.P0O,, CaSO, + magnesium 

. NaNO,, KH.PO,, CaSO, + minor elements 

. NaNO;, KH.PO,, CaSO, + magnesium + minor elements 
The salts were specially purified. The initial amount of nitrogen, phos- 
phate, and potassium (approximately a 6-8-4 N, P.O,, K.0 mixture) was 
the same for all treatments. Equal weights of KH.PO, and CaSO, -2H.0 
were used. Further additions of the basie fertilizer mixture were made 
when necessary. The minor element addition used was the HoagLaNnp 
(1) mixture in which the proportions of boron, zinc, and manganese were 
increased. 

The crops were grown in the following order : corn, turnips, cotton, Cro- 
talaria, corn, crimson clover, turnips, and peanuts. Where the various 
treatments produced great differences in the amounts of growth, the soils 
of all pots were leached with distilled water before the next crop was 
planted. In preparation for the succeeding crop, thé soil of the different 
pots of the same treatment of each series was mixed and placed in freshly 
paraffined containers. 
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Results 


The results obtained on the crops on the 16 soils will be discussed in 
general, but to conserve space those of only four, three of the most striking 
and one less striking, are included in the tables. Photographic illustrations 
are limited to one soil. Response of the crops to magnesium have already 
been reported in detail (Sommer, Wear, and BAxter (2)). 

The effects due to the addition of magnesium or the minor elements will 
be presented as the ratios of the weights of plants grown with and without 
these elements. Thus, increased yield due to the addition of the element or 
elements in question will be indicated by ratios greater than 1. These 
results are presented in tables I and II. Figures 1, 2, and 3 illustrate the 


TABLE I 


DIFFERENCES IN RESPONSE OF SIX CROPS TO MAGNESIUM AND MINOR ELEMENT FERTILIZATION. 
THE EFFECTS IN QUESTION ARE SHOWN BY THE RATIOS OF THE DRY WEIGHTS OF 
THE PLANTS GROWN WITH AND WITHOUT THESE ELEMENTS; THAT IS, 

RATIOS GREATER THAN 1 INDICATE INCREASES IN GROWTH 
DUE TO THE ADDITION OF THESE ELEMENTS 





RATIOS OF DRY WEIGHTS OF PLANTS GROWN 



































Caor + MINOR ELEMENTS* | +Mg + MINOR ELEMENTS +Mg 
— MINOR ELEMENTS | —Mg — MINOR ELEMENTS —-Mg 
Sort 1 SoiL 3 
5 ia ae intents 0.84 1.00 0.99 1.13 
Turnip tops ..... 1.56 1.19 2.28 0.83 
Turnips ................ 8.09 1.23 6.35 0.72 
Cotton bolls ........... 1.40 1.02 2.54 0.93 
Crotalaria. ............ 0.73 21.07 2.00t 13.13 
CE a... 1.01 1.09 1.00 0.57 
Crimson clover ........... 7.40 2.85 t 2.54 
Turnip tops ..... 44.00 1.57 1.50 1.04 
po pera aR 57.00 19.00 44.30 1.77 
Peanut tops 0.81 0.80 1.03 1.00 
Peanuts ........... 3.704 4.63 1.65 12.67 
Soi 6 Soin 13 

CREE ee tere : 1.0 1.05 1.04 1.06 
Turnip tops 1.49 0.79 1.21 0.94 
Turnips ........... 1.48 0.69 1.22 1.14 
Cotton 1.13 1.48 1.50 1.19 
Crotalaria. .... 1.18 3.06 1.40 8.75 
Corn ... a 1.10 1.14 1.32 1.17 
Crimson clover 1.11 1.43 40.50t 1.16 
Turnip tops ..... 1.14 1.21 2.93 0.95 
Tee. 2.20 4.87 10.99 1.57 
Peanut tops ............ 0.89 0.83 1.90 1.73 
Peanuts .......... 0.83 2.54 1.79 5.67 





* Minor elements added as traces (HOAGLAND’s A~Z mixture). 


| 
| 


t All plants without minor element addition died in early growth stages. 
t Loss of part of plants made the number too small to give significant values. 
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Fig, 1. Fourth, sixth, seventh, and eighth crop grown on the same soil. 


A. Crotalaria: 


pot 2, purified salts. 
pot 28, purified salts + 
pot 30, purified salts + 


B. Crimson clover: 


pot 2, purified salts. 
pot 3, purified salts + 
pot 27, purified salts + 
pot 29, purified salts 4+ 


minor elements. 


minor elements 


magnesium, 


minor elements. 


minor elements 


effects of the elements studied on the different plants 
no. 1. The best culture of each treatment was photographed. 


magnesium, 


magnesium, 


as obtained in soil 


Corn.—Corn (not grown to maturity) showed no marked response to 
either magnesium or the minor elements. 
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Turnips.—The growth of turnips was limited by the lack of the minor 


; elements more than by magnesium deficiency. In the least fertile soils, most 
: and sometimes all of the plants in cultures not receiving minor element 





Fic. 2. Same crop history as in figure 1. 


C. Turnips: 


pot 1, purified salts. 
pot 3, purified salts + 
pot 26, purified salts + 
pot 31, purified salts + 


D. Peanuts: 


pot 1, purified salts. 


pot 3, purified salts 


pot 27, purified salts + 
pot 29, purified salts + 


magnesium, 
minor elements. 


minor elements + magnesium. 


magnesium. 
minor elements. 


minor elements + magnesium, 


additions, died in the early stages of growth. The storage organ responded 
to magnesium fertilization in more soils than did the tops, but even this part 
of the plant responded less than did a number of other crops. Because of 
the depletion of the minor elements and magnesium by the previous crops, 
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a considerably greater response was obtained with the second as compared 
with the first turnip crop. 

Corton.—No consistent relation of dry weight of the bolls to the various 
treatments was observed. This was probably due to the fact that the cotton 
plants did not develop normally in the greenhouse during the later growth 
period. Both magnesium and minor element deficiency symptoms appeared, 
however, on plants in a number of soils. Plants growing in soils deficient in 
both the minor elements and magnesium showed magnesium deficiency 
symptoms of the leaves only when the minor elements were supplied. In 
most cases magnesium deficiency symptoms did not appear until the bolls 
began to develop while those resulting from a lack of the minor elements 
were observed much earlier. 


TABLE IT 


RELATIVE MAGNITUDE OF DECREASED YIELDS OF SUCCESSIVE CROPS AS AFFECTED BY MAG- 
NESIUM AND MINOR ELEMENT DEFICIENCY. THE NUMBER OF SOILS HAVING A 
DEFICIENCY AND THE SEVERITY OF LIMITATION OF THE GROWTH OF THE 
CROP WERE CONSIDERED IN RANKING THE CROPS. GREATEST 
EFFECT OF DEFICIENCY IS INDICATED BY 
HIGHEST NUMBER 





~ 





RATING OF CROPS ACCORDING TO THEIR 
CROP SEQUENCE SENSITIVITY TO DEFICIENCY OF 





MINOR ELEMENTS MAGNESIUM 





Crotalaria . 

0 ae 
Crimson clover . 
Turnips 

Peanuts (nuts only) 





aime wien 
ND RH AQWrHO | 











CRroTALARIA.—Crotalaria appeared to be extremely sensitive to magne- 
sium deficiency. In the least productive soils there was no growth after the 
first few weeks and many of the plants died where no magnesium had been 
added. Since Crotalaria was the first crop on these soils that showed such 
great need for magnesium and the effect of minor element deficiency was 
not apparent, treatment no. 2 was included for the first time after the plants 
showed severe magnesium deficiency symptoms. Magnesium sulphate 0.225 
gm. was added to two of the pots of treatment no. 1 to provide treatment no. 
2. In general, little response of Crotalaria to minor elements was noted 
(column 1, table II). The apparent doubling of the yield in soil no. 3 with 
the addition of the minor elements is misleading since the average weight of 
plants with the minor elements but without magnesium was only 0.2 gm. 
and the absolute difference between it and plants receiving neither mag- 
nesium nor minor elements was only 0.1 gm. Since the effect of magnesium 
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deficiency on Crotalaria was so severe in a number of soils, a second crop of 
corn was grown to determine whether this was due to the depletion of mag- 
nesium by previous crops or whether Crotalaria actually needed more mag- 
nesium. No difference in the appearance of the growing corn could be ob- 
served but comparison of the dry weights indicated some response to 
magnesium in a few of the soils. 

CRIMSON CLOVER.—Crimson clover was usually much more sensitive to 
minor element than to magnesium deficiency. As in the case of turnips, 
most or all of the plants in the least productive soils died in the early stages 
of growth when minor elements were not added. The response to both mag- 
nesium and minor element additions was much greater than that of the 
preceding corn crop. Additions of magnesium produced a much smaller 





Fig. 3. Peanuts: purified salts plus the minor elements, with and without mag- 
nesium, 


increase in growth in crimson clover than in Crotalaria, while the reverse 
was true with minor element applications. Since erimson clover responded 
to minor element fertilization in several soils not found to be deficient for 
any of the preceding crops, a second turnip crop was grown. This crop 
showed that all soils were becoming depleted of the minor elements. Symp- 
toms considered to be those of boron deficiency appeared in turnips in soils 
classified in the field as good soils and not theretofore responding to minor 
elements. 

PEANvuTS.—Although many of the plants of the preceding crops of tur- 
nips and ¢rimson clover had died with certain treatments (when grown in 
minor element deficient cultures) in the early growth periods, peanut plants 
made vigorous growth and appeared the same for all treatments in all soils 
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for the first two months. After this, magnesium deficiency symptoms ap- 
peared in a few cases, and the plants in a few soils did not grow well, regard- 
less of the treatment. A marked response to magnesium fertilization in 
most soils was not evident until the nuts were harvested. There was a 
consistent increase in nut production when magnesium was applied. Soil 
13 was the only one in which the tops showed a consistent decrease in weight 
due to magnesium deficiency. As compared with the other plants, the ap- 
parent response of peanuts (nut yield) to magnesium may be exaggerated 
since this crop was grown after the soils were undoubtedly depleted of this 
element. The beneficial effect due to minor elements was usually small and 
sometimes absent. In fact, peanuts were injured by relatively low boron 
concentrations. 


Summary 


Varying degrees of growth limitation by magnesium and minor element 
deficiencies were observed among several different crops on a number of 
soils. 

Corn (in the vegetative stage) was least affected. 

The greatest depression in yield due to insufficient magnesium was ob- 
served with Crotalaria. This crop was little affected by a deficiency of 
minor elements. 

Turnips were severely affected by the lack of the minor elements, but 
showed symptoms of magnesium deficiency in only the least productive soils. 

Crimson clover showed the effects of the lack of the minor elements 
somewhat less, and of magnesium deficiency somewhat more than did tur- 
nips. With the soils investigated, cotton was about equally affected by the 
lack of magnesium and of the minor elements. 

Peanut tops showed symptoms of severe magnesium deficiency in only 
one soil and of fairly marked deficiency in a few soils. The effect of mag- 
nesium on nut production was much greater. Growth of peanuts was only 
slightly limited by soil deficiencies of the minor elements which prevented, 
after the first few weeks, the growth of the preceding turnip crop. 

ALABAMA AGRICULTURAL EXPERIMENT STATION 
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INFLUENCE OF SOIL TEMPERATURE ON THE DEVELOPMENT 
OF COLONIAL BENT GRASS' 


IRENE H. STUCKEY 


(WITH FIVE FIGURES) 


Introduction 


As the outcome of some experiments performed during the summers of 
1937 and 1938, it was observed that with most of the species of grass used, 
elongation of the leaves practically ceased during July and August even 
when abundant water was supplied. The conditions of these experiments 
were such that the temperatures of the soil surrounding the roots were higher 
than those normally occurring under turf, which suggested that the poor 
growth of the plants may have been caused by unfavorable soil temperatures. 
During the following spring some experiments were begun to study the in- 
fluence of soil temperature on the development of grass plants. 


Methods and results 


EXPERIMENT | 


Seedlings of Kentucky bluegrass, colonial bent, and timothy were grown 
on screens suspended over tanks containing one of HoaGLANpD’s nutrient solu- 
tions. The temperature of one tank was maintained at approximately 90° 
F. by a loop. of hot-bed heating cable on the bottom, another was cooled to 
45° F. by circulating the nutrient solution over the cooling coil of a refrig- 
erating unit. A third tank remained at greenhouse temperature, 60° F. 
The nutrient solution was changed at two-week intervals. 

.The seeds germinated first in the tank kept at 90° F. and the plants grew 
more rapidly; while they were larger, they lacked the vigor of the plants 
grown at lower temperatures. After four weeks, the plants were not suffi- 
ciently rigid to stand erect and the leaves were extremely chlorotic. Plants 
growing at lower temperatures were normal in appearance ; those in the cold 
tank were small and dark green. 

For several reasons the experimental conditions were unsatisfactory and 
at the end of six weeks, the experiment was discontinued. At this time, the 
check plants were larger and more vigorous than either of the others (fig. 1.). 
The roots were four inches long with actively growing tips and lateral root- 
lets. On the plants growing at the lowest temperature, the roots, like the 
tops, were only half as long as those from the control tanks but no necrosis 
was observed. Many of the plants grown at 90° F. had died and all of the 


1 Published with permission of the Director as Contribution no. 592 of the Rhode 
Island Agricultural Experiment Station. 
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Fig, 1. Seedlings grown in tanks of nutrient solution. A 
Kentucky bluegrass; C. Timothy. 
and 90° F. 


. Colonial bent grass; B. 
From left to right the plants were grown at 40°, 60°, 


others were pale yellow rather than green. 
gnarled, with blackened stubby ends. 
ferences. 


The roots were dark colored and 
There were no interspecific dif- 


EXPERIMENT IT 


For the second experiment, the tanks described above were used as con- 
stant temperature baths. 


enamelware pans filled with soil and suspended in the water. 


Plants of colonial bent were grown in rectangular 


The moisture 
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content of the soil was maintained at 20 per cent. as closely as possible, the 
high temperature pans requiring almost twice as much water as those at 
the lowest temperature. The seeds were sown in rows and after the seed- 
lings had reached sufficient size, they were thinned until the plants were two 
inches apart. 

It was not possible to maintain soil temperatures at such extremes as the 
temperature of the surrounding water but there were usually 10 degrees 
difference between the low and the control, and 20 degrees between the con- 
trol and the high, the temperatures being respectively 50°, 60°, and 80° F. 
As the season advanced toward summer, the temperatures of all three tanks 
increased. 





Fig. 2. Seedlings of Colonial bent grass after eight weeks of growth; soil main- 
tained at three different temperatures. 


. There was some question as to how much the temperature of the soil 
influenced the air above it. Three thermometers were suspended, one above 
each tank, so that the bulb was one inch above the soil surface and touching 
no grass. There was never a difference of more than two degrees between 
any two thermometers during a period of three days. There were no con- 
sistent differences in the readings regardless of time of day or intensity of 
sunlight. 

The differences in growth were very noticeable. The seeds germinated 
January 29 at the highest temperature, February 1 in the control tank, and 
February 5 at the lowest temperature. When the leaves were two inches 
long, the growth at the highest temperature was horizontal in contrast with 
the more erect plants of the other two. Until March 9, these prostrate plants 
were larger and more vigorous but the color of the cheek plants was more 
intensely green and, by March 20, the contro! plants had surpassed the high 


temperature plants in color, size, and vigor. At this time, they had lost the 
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vertical habit of growth and were prostrate. Figure 2 shows the relative 
differences between the plants grown at the three temperatures March 26. 

On April 5, several plants were removed from pans maintained at each 
temperature and the roots were examined. Those grown at the lowest tem- 
perature closely resembled roots collected out of doors in late March (7). 
They were white, translucent, and relatively unbranched. The roots from 
the control plants were more slender, profusely branched, and longer. They 
were similar to roots found out of doors during the last of April at the time 
of maximum root growth. The roots at the higher soil temperature were 
less extensive than either of those described above; they were very fine and 
fibrous and resembled the roots found in midsummer. On these plants, the 
root tips which were against the bottom of the pan were club-shaped and 
twisted. 

By May 7, the control plants were more vigorous than either of the others, 
(fig. 3). Shortly after this, a fungous disease was noticed on the plants 





Fie. 3. Seedlings of Colonial bent grass after three and one-half months of growth; 
grown at three different temperatures. 


grown at the high soil temperature. It spread gradually over all of these 
plants but did not make much headway against those growing at lower soil 


TABLE I 


DRY WEIGHTS OF ROOTS AND TOPS 











PLANT ORGANS Controt (60° F.) | Hieu (80° F.) Low (50° F.) 
| a 


gm. gm. gm. 
Roots 82.6 26.0 61.3 
Tops 106.0 71.3 
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Fie. 4. Plants of Colonial bent grass which had grown five and one-half months at . 

three different temperatures. t 

' ] 
temperatures. The evidence suggested that the disease was secondary and 
not the immediate cause of the death of the plants growing at the highest 
temperature. The relative root and top development from the three treat- 
ments is shown in figures 4, and 5. The roots from the higher temperature 

plants were sparse and short. Many of them had decayed. The dry 

weights of the roots and tops appear in table I. t 
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Fic. 5. Roots of Colonial bent grass which has grown five and one-half months at 


three different temperatures. 
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Discussion 


CANNON (3), Jones (5), and other workers have found that the tempera- 
ture to which the roots are exposed exerts more influence on the development 
of the plant than the temperature of the air surrounding the tops. BRENcH- 
LEY (1) found that peas growing in nutrient solution were not injured by 
high air temperatures provided the roots were kept cool. Similar results 
were reported by Brown (2) for several species of grass. The plants sur- 
vived air temperatures of 100° F. if the temperature of the soil around the 
roots was held below 90° F. Darrow (4), and NiguTincALe (6) observed 
that at higher soil temperatures the maturation of the roots proceeded more 
rapidly. Lateral rootlets were found much nearer the tips in the plants 
grown with the higher soil temperature. 

In the results reported here, the roots of the plants grown with the high- 
est soil temperature were mature by April 5. Those grown at lower tem- 
peratures were still growing actively when the experiment was discontinued 
June 12. The roots at the lowest temperature were still translucent and rela- 
tively unbranched, indicating immaturity long after those grown with the 
highest soil temperature had disintegrated. 


Summary 


1. Seedlings of Colonial bent grass, Kentucky bluegrass, and timothy, 
when grown in tanks of nutrient solution, with the roots at three tempera- 
tures and the tops at one temperature, showed striking differences in devel- 
opment. 

2. Colonial bent grass plants grown for a longer time in soil with the 
roots at three different temperatures showed the same differences. 

3. The root growth closely resembled that found out of doors when the 
soil temperature was approximately the same as the experimental tempera- 
ture. 

4. Maturation of the roots was accelerated by high soil temperatures and 
occurred before any extensive ramification of roots took place in those plants 
growing at the highest temperature. 

5. Death of plants at the highest temperature was attributed to early 
maturation and death of the root system. 


THE RHODE ISLAND AGRICULTURAL EXPERIMENT STATION 
KinGstTon, RHODE ISLAND 
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SOME RESPONSES OF THE BEAN PLANT TO CHLORATE AND 
PERCHLORATE IONS 


ROBERT J. WEAVER 


(WITH TWO FIGURES) 


Introduction 


The value of chlorate salts as a means of sterilizing soil and eradicating 
weeds has been recognized for many years (1,2). No physiological study on 
the response of plants to perchlorate salts is known to the writer. This pre- 
liminary experiment was run to determine the relative toxicity of chlorate 
and perchlorate ions to the soybean, and to observe the specific effects of 
these ions on the growth and development of the plant. 


Materials and methods 


Five seeds of Biloxi soybean were planted in 1.5- and 2-liter glazed 
earthenware pots filled with quartz sand. Small amounts of glass wool were 
used to cover the holes in the center of the pots to prevent sand from wash- 
ing through and to maintain good drainage. All but two plants were 
removed three days after emergence from the soil. All seedlings were grown 
with complete nutrient solution. After germination the seedlings received 
applications of nutrient every second or third day. 

Other seedlings were grown in a flat of pure quartz sand. Seven days 
after planting, the sand was washed from their roots and they were trans- 
planted to 2-liter glazed crocks filled with nutrient solution, three plants to 
each crock. The crocks were covered with paraffined sheets of cork, and 
nonabsorbent cotton was pressed lightly into the space between the hypo- 
eotyl and the cork support. The crocks were placed in cardboard boxes 
which served for insulation. Nutrient solutions were changed two times 
per week ; bamboo sticks inserted into the cork projected upward and served 
as supports for the plants. 

The nutrient solution used consisted of CaCl, (0.0060 M), NaNO, 
(0.0060 M), MgSO, (0.0045 M), and KH.PO, (0.0045 M), together with a 
trace of all of the necessary minor elements. Merck’s reagent quality chemi- 
cals were used. Sodium chlorate and KCIO, were used to supply the ClO, 
and ClO, ions." The amounts of Na and K added as cations of the ClO, and 
ClO, salts were very small and did not appreciably alter the Na or K con- 
centrations of the nutrient solutions. 

In the experiments with sand, duplicate pots (2 plants per pot) com- 
prised a sample, and in water culture each sample consisted of 3 plants grow- 
ing in one crock. 
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Experimentation 


The first application of ClO, and ClO, was made 7 days after planting, 
when the plants were expanding their primary leaves. In sand, one series 
was treated with ClO, in concentrations of 2.5, 5, 10, 15, and 30 p.p.m., and 
another was similarly treated with ClO,. Both treatments were repeated 
in water culture except that no plants were treated with ClO, in concentra- 
tion of 30 p.p.m. 


RESPONSES TO CHLORATE 


Four days after the first treatment, the margins of the cotyledons of the 
plants in sand receiving concentrations of 10, 15, and 30 p.p.m. of ClO, 
were dead and brown. The primary leaves of plants receiving 15 and 30 
p.p.m. were wrinkled and had brown and whitish areas. Four days later, 
brown necrotic spots appeared on the first trifoliate leaves of plants treated 
with 30 p.p.m. 

Chlorate injury was initiated by the appearance of small brown necrotic 
spots which were rather uniformly scattered over the leaves. In many 
instances the main veins of the leaves became reddish brown in color. This 
was especially noticeable on the lower surfaces of the leaves. The lower 
and upper portions of the petiole were often similarly discolored. These 
injured leaves gradually dried and abscissed. In many eases leaf abscission 
was preceded by the falling of one or more leaflets. 

When the fourth trifoliate leaves of the controls were expanded, about 13 
days after the first application of ClO,, all treated plants were visibly 
affected except those receiving ClO, in concentrations of 2.5 p.p.m. In 
plants treated with 30 p.p.m. the brown spotting appeared on the second 
trifoliate leaves, but the third were unaffected. There were several brown 
spots on the second trifoliate leaves of plants receiving 15 p.p.m., but in those 
receiving 10 and 5 p.p.m. the injury was confined to the vounger leaves only. 

The experiment was concluded 20 days after the first application of ClO, 
(fig.1). At this time the fifth trifoliate leaves of the controls were expand- 
ing. Injury was most severe in plants treated with 30 p.p.m. where the 
third trifoliate leaves were brown spotted. The least injury oceurred in 
plants receiving concentrations of 2.5 p.p.m. They showed only a few 
brown necrotic areas on the first trifoliate leaves. Average oven dry weights 
of tops per plant without cotyledons from controls to plants receiving 30 
p.p.m. were 2.12, 1.80, 1.37, 1.07, 0.98, and 0.53 grams, respectively. If the 
dry weight of the control is used as a standard, 100 per cent., the relative 
dry weights of the tops of the experimental plants are 85, 65, 50, 46, and 25 
per cent., respectively, with increasing concentration of the ClO, ion. Dry 
weight of roots showed a similar trend. 


Plants in water culture had symptoms similar to those previously de- 
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scribed, but the ClO, was much less toxic. For example, at the conclusion 
of the experiment those receiving 2.5 p.p.m. were uninjured and only the 
first trifoliate leaves of plants treated with 15 p.p.m. showed moderate brown 
spotting. 








dal 
=. 


bo 


Control 


a) 5 10 15 30 p.p.m. 

Fie. 1. Above, chlorate series (C1O,), soy beans 27 days after planting, and 20 days 
after the first application of chlorate; left to right, control, 2.5, 5, 10, 15, and 30 p.p.m., 
respectively. Note the increased abscission of the lower leaves as chlorate concentration 
increases. 

Below, perchlorate series (ClO,), same age and concentrations as above. Note the 
greater injury to the upper portions of the plants with increasing concentrations of 
perchlorate, and the striking production of lateral branches. 


RESPONSES TO PERCHLORATE 


Four days after the first treatment, the first trifoliate leaves of the con- 
trols grown in sand had expanded. With 30 p.p.m. the first trifoliates had 
failed to expand, while at 10 and 15 p.p.m. many of the leaflets had only 
partially expanded and were crumpled near their tips. Perchlorate re- 
tarded terminal growth and prevented normal leaf expansion. Often the 
tip of an expanding leaflet was killed, and further growth resulted in a 
characteristic ecrumpling towards the tip (fig. 2). In many instances veins 
were found to be at the bottoms of the furrows. Often portions of the 
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leaflet on each side of a dead tip continued growth, giving the leaflet a heart- 
shaped appearance. In more severe cases of injury the dead tip recurved 
and the leaflet slowly died back. Often a large fold of the leaflet extended 
below the leaflet surface. Many other odd shapes were formed. In high 
applications of ClO, leaves failed to expand, but nevertheless terminal 


growth continued at a retarded rate (fig. 2). 
Be | 


Fie. 2. Closer view; plants in water culture (left) containing 2.5 p.p.m. ClO,, show- 





ing characteristic erumpling of leaflets. Plants in sand eulture (right) received 30 p.p.m. 
ClO,, and show branched cotyledonary shoots, as well as other lateral shoots, with apparent 
suppression of apical dominance. 


Eight days after the first application of ClO,, cotyledonary shoots ap- 
peared in plants treated with 30 p.p.m. Five days later these shoots varied 
from 0.25 to 1 inch in length. At this time cotyledons of all plants had 
become yellow except those on plants receiving 10, 15, and 30 p.p.m. C10,, 
on which they remained green. 

At the conclusion of the experiment the following symptoms were appar- 
ent: The primary leaves of the controls were withered. Those of the treated 
plants were still green; although plants receiving 10, 15, and 30 p.p.m. had 
brown areas around the margins of the primary leaves, yet they retained 
most of their green cotyledons (fig. 1). Injury was relatively slight in the 
plants receiving 2.5 p.p.m. of ClO, in which cases the first trifoliate leaves 
had expanded normally. The second and third trifoliate leaves were char- 
acteristically crumpled, and the fourth had failed to expand. Plants re- 
ceiving 30 p.p.m. had expanded no trifoliate leaves. Injury to plants 
treated with 5,10, and 15 p.p.m. varied between these extremes. Cotyledon- 


ary shoots of plants receiving 30 p.p.m. were 0.5 to 2.5 inehes long, and 








WEAVER : RESPONSES OF BEAN TO CHLORATE AND PERCHLORATE 127 


branched, although the leaves of these branches had failed to develop. 
Shoots were often present in the axils of the first four true leaves of plants 
receiving concentrations of 2.5, 5, 10, and 15 p.p.m. of ClO,. For example, 
plants treated with 10 p.p.m. had shoots 0.25 to 2 inches long in axils of the 
first three leaves. In general, shoots occurred in axils of younger leaves as 
the concentration of ClO, was decreased. Average oven dry weights of tops 
per plant without cotyledons from controls to plants receiving 30 p.p.m. 
were 2.12, 1.77, 1.34, 1.05, 0.99, and 0.46 grams, respectively. (100, 83, 63, 
50, 47, and 22 per cent., relatively.) 

In water culture, ClO, was more toxic than in sand but in general simi- 
lar symptoms were manifested. Four days after application of ClO,, leaves 
of plants receiving 2.5 p.p.m. showed crumpling, but in sand those receiving 
2.5 and 5 p.p.m. were unaffected. Twenty days after the first application 
of ClO,, cotyledonary shoots of plants treated with 10 and 15 p.p.m. were 
2 to 5 inches long and had expanded leaves. In these plants cotyledonary 
shoots had made growth equal to that of the main stem. There were no 
cotyledonary shoots on plants receiving 2.5 or 5 p.p.m., but those receiving 
5 p.p.m. did have some shoots 1 to 2 inches long in the axils of the first three 
true leaves. 

Discussion 


A significant difference in the manner in which ClO, and ClO, affected 
the soybean is that injury from ClO, began with the older leaves of the plant 
while that of ClO, first affected the apical meristem and younger leaves. 
When terminal growth was retarded by ClO,, lower leaves had to perform 
most of the metabolic activities of the aerial portion of the plant. Shoots 
arising at the axils of the cotyledons and leaves were retarded in terminal 
growth and no leaves formed, but branching occurred. Possibly the ClO,, 
being a strong oxidizing agent, destroyed the hormones that control apical 
dominance. In any event, the growth of lateral shoots was similar to that 
which occurs when apical meristem is removed. 

An interesting problem would be a study of the relative toxicity of ClO, 
ClO,, ClO;, and ClO, and their specific effects on plants. Possibly there 
exists a definite relation between degree of toxicity and number of atoms of 
oxygen or oxidizing potential of each compound. Anatomical and micro- 
chemical studies of leaf injury would be of value. 


Summary 


Chlorate ion was shown to be less toxic to Biloxi soybeans than perchlo- 
rate. Symptoms of chlorate injury were a brown spotting and gradual 
death of the leaves. After the oldest leaves were first affected, the injury 
successively appeared on younger and younger leaves. Perchlorate often 
killed the tips of leaflets, and normal leaf expansion was prevented, a 
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crumpled condition in the leaves resulting. The leaves failed to expand 
in high coneentrations (30 p.p.m.). Terminal growth was retarded and 
shoots arose from the axils of the cotyledons and leaves. Chlorate was less 
toxic in water culture than in sand, but perchlorate was more toxic in water 
culture. 

The writer expresses his sincere thanks and appreciation to Dr. CHarRLEs 
A. SHuuy for suggesting the problem and for his interest in the progress of 
the work. 

UNIVERSITY OF CHICAGO 
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INFLUENCE OF CARBON DIOXIDE ON RESPONSE OF 
ASPERGILLUS NIGER TO TRACE ELEMENTS 


ROBERT A. STEINBERG 


The suggestion by Rupen and Kamen (6) of an essential identity be- 
tween the process of carbon dioxide utilization by microorganisms (1, 3, 12) 
and the dark or Blackman reaction in photosynthesis of green plants is most 
important if verified. An indirect check on this interpretation would con- 
sist of evidence that both reactions are similarly influenced by the biologi- 
cally essential trace elements. These chemical elements are requisite for 
photosynthesis (2) and their deficiencies in green plants result in specific 
leaf-chlorosis patterns (4). Inhibition of the thermal dark reaction in 
photosynthesis by carbon monoxide and by hydrogen cyanide would suggest 
inactivation of iron catalysis (11). The réle of trace elements in photosyn- 
thesis is unknown, nor has any suggestion been made that they have a fune- 
tion in the utilization of carbon dioxide by microorganisms. 

Growth of the fungus, Aspergillus niger van Tiegh, is decreased in air 
freed from carbon dioxide (5), presumably because of its being necessary 
for reactions leading to synthesis of organic acids. When the fungus is 
grown on an optimum nutrient solution with ammonium nitrate at 35° C. 
for 4 days in a rapid current of air, the effects of trace elements in conjunc- 
tion with low carbon dioxide are readily demonstrated with iron, but not 
with zine or copper.* 

The methods used in trace element studies have been described elsewhere 
(7,8). The only innovation was the insertion of long glass ells through the 
cotton plugs of the culture flasks for entrance of CO,-free air. The gas 
washing train for removal of CO, consisted of one 250-ml. wash-bottle filled 
with water, three with 40 per cent. potash, one with dilute sulphurie acid, 
and one with water. A bubble counter containing saturated barium hydrox- 
ide solution was the last unit in the train. The control train was identical 
except for the substitution of water for potash and barium hydroxide solu- 
tions. Use was made of a low-pressure air stream to guard against internal 
leakage of air containing carbon dioxide. 

The values for the two experiments in table I are relative, the yields of 
the controls with carbon dioxide being taken as 100.0 in each case. The 
actual yields were 1230.6 mg. with the nutrient solution of initial acidity pH 
3.68 and 1082.9 mg. with that of pH 7.23. Growth on omission of iron, zine. 
or copper under ordinary conditions (+ CO.) is shown in the top rows. 
Yields obtained under the combined influence of a trace element and carbon 


1 Iron, zine, copper, manganese, molybdenum, and gallium were used in concentrations 
of 0.30, 0.30, 0.08, 0.08, 0.02, and 0.02 p.p.m., respectively. 
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dioxide deficiency are given in the second rows. The ratios represent only 
the effort of carbon dioxide removal under the several conditions. 


TABLE I 


YIELDs or Aspergillus niger, WITH AND WITHOUT CO,, IN THE ABSENCE OF 
CERTAIN TRACE ELEMENTS 




















— co, CONTROL -Fe -Zn —Cu 
- 100.0 18.9 3.0 93.9 
3.68 - 99.4 13.1 3.0 - 94.6 
Ratio 99.4 69.1 98.8 100.8 

- 100.0 8.8 2.6 97.6 

7.23 - 103.2 6.0 ? 91.2 
Ratio 103.2 67.6 ? 93.4 











Repetitions of these trials with nutrient solutions purified by STemvsere’s 
calcium carbonate method for removal of trace elements (7) gave results 
only slightly better. Omitting copper gave values of 84.9, 79.9, and 95.0; 
manganese 30.0, 25.9, and 89.4; and molybdenum 93.7, 90.3, and 97.3, for 
growth with and without carbon dioxide and their ratios, respectively. 

The effects on yield of the combined removal of carbon dioxide and zine, 
copper, or molybdenum were readily obtained in a nutrient solution contain- 
ing only nitrate nitrogen (table 11). Gallium was omitted from the nutrient 
solution in the first experiment, but added in the second. This element 
would seem to be essential for Aspergillus (9) and for Lemna (10). As 
will be noted, its effect on yields is marked. In practically every instance 
the effect of removal of carbon dioxide was greater when a trace element 
was deficient in quantity for maximum growth. Yields of the controls with 
earbon dioxide were 485.7 mg. without gallium, and 1036.9 mg. with gallium. 
The values for gallium are 48.8, 27.6, and 59.0. 


TABLE Il 


GROWTH OF Aspergillus niger WITH AND WITHOUT GALLIUM AND CO,, AND IN THE 
ABSENCE OF OTHER TRACE ELEMENTS 














GALLIUM co, CONTROL | - Zn —-Ca — Mo 
- | 100.0 17.5 19 75 

None ~ 59.0 2.6 45.2 12 
Ratio 59.0 14.8 26.3 6.8 

' 

+ | 100.0 17.8 93.0 8.1 

Present - 90.5 10.1 51.0 7.6 
Ratio 90.5 56.8 55.5 93.8 








Decreased yields of the controls on removal of carbon dioxide could not 
be obtained with nitrogen supplied as ammonium nitrate, unless harvested 
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during an early stage in growth. The greatest decrease in yield of controls 
because of absence of carbon dioxide was 41 per cent. with nitrate nitrogen. 
The corresponding decrease in yield of control with urea was 83.3 per cent. 
These differences in response are associated to some extent at least with the 
different trace-element optima for these sources of nitrogen. It must be 
emphasized, however, that under the relatively simple conditions employed 
in these experiments, the removal of carbon dioxide was inconiplete. 

Even if attributed to a disturbance in nitrogen metabolism, enhancement 
of experimental results by nitrate would not imply that trace elements do not 
enter into fixation of carbon dioxide. Except for molybdenum, there is little 
difference in the requirements of this fungus with either ammonium or 
nitrate nitrogen in the presence of carbon dioxide. No evidence has been 
obtained that CO, participated directly in nitrate reduction. Disturbance 
in nitrogen metabolism might well lead to enhanced results because the 
fixation system includes nitrogen containing components subject to deple- 
tion. There is as yet, however, little evidence concerning the nature of these 
components, nor of their need for replenishment during growth. 

It would seem therefore that the trace elements probably play a specific 
part in the utilization of carbon dioxide by Aspergillus just as they do in 
the process of carbon dioxide utilization (photosynthesis) in green plants. 
The chemical elements required are almost entirely the same in both in- 
stances, as are their concentrations. The effects of a deficiency in iron are 
also demonstrated most easily in both cases. 

Choice of Aspergillus niger for use in such studies has much to recom- 
mend it. Its nutritional requirements are probably best understood of all 
the fungi. This is of importance since physiological results with an organ- 
ism suffering from malnutrition are usually as unreliable as those obtained 
with a diseased organism. Its widespread occurrence in soils and decaying 
vegetable matter, and its exploitation for production of citric acid make a 
still greater knowledge of its nutrition important from many aspects. The 
marked responses obtained justify its selection for this purpose. It indi- 
cates moreover, that this fungus may also afford a very desirable subject for 
the chemical study of the CO,-fixation process in the absence of light. 


U. 8. DEPARTMENT OF AGRICULTURE 
BUREAU OF PLANT INDUSTRY 
WASHINGTON, D. C. 
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A SIMPLE, RAPID METHOD FOR DETERMINATION OF 
LEAF CAROTENE 


OTis F. Curtis, Jk. 
( WITH ONE FIGURE) 


Preparatory to undertaking an investigation of the influence of various 
factors on the carotene content of leaves, a method was developed which 
may be useful to other workers. It allows a rapid quantitative determina- 
tion of the carotene in a fraction of a gram of fresh leaf tissue and is, there- 
fore, particularly adapted to investigations requiring analyses of a large 
number of samples. The method may be employed in laboratories where 
large investments in materials are impossible, for the equipment is not 
elaborate and solvents are required only in small quantities and may be 
reclaimed for repeated use by simple distillation. It will also serve, for 
teaching purposes, as an effective demonstration of the plastid pigments. 

The fresh leaf tissue to be analyzed is dipped in boiling water for a 
minute to prevent oxidation of the carotene during subsequent grinding. 
The sample is then blotted to remove excess water and the pigments ex- 
tracted with petroleum ether containing about two per cent. of methyl 
alcohol. This is done by grinding with quartz sand in a mortar, decanting 
the extract, and extracting with small successive portions of solvent until 
no more pigment is removable. 

Separation of the pigments is accomplished by a chromatographic ad- 
sorption technique in which soluble starch serves as the adsorbent. Strorr 
(2) employed starch for chromatographic separation of leaf pigments, 
therefore this method represents a modification of the one which he de- 
scribes. Figure 1 illustrates a simple adsorption column which can be used. 
A glass tube (A), drawn to a taper at one end, and with a pad of cotton (C) 
resting on a porcelain filter plate (D) at the constricted end, serves to hold 
the adsorbent (B). The tapered end of the tube is inserted through a 
rubber stopper in a large test tube (F'). The test tube is supported only 
by friction against the stopper, and can be easily removed and replaced in 
transferring solutions. A small tube (E) leads to a large suction flask 
which is in turn connected to an aspirator pump. 

To prepare the adsorption column, a suspension of soluble starch in 
petroleum ether is poured in, suction is applied to withdraw the petroleum 
ether, and the process is repeated until a starch column 15 to 20 em. high 
has been deposited. It is advisable to apply, while preparing the column, 
as great a suction as will be used subsequently in developing chromatograms, 
otherwise channels may form in the column. General Chemical Company 
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‘*Reagent”’ soluble starch was employed. The starch was taken directly 
from the container without preliminary treatment. 

The decanted extract of the leaf sample is poured directly on the starch 
column and suction is applied. When the solution has moved into the starch 
column, pure petroleum ether is added. The carotene passes through the 
column without being adsorbed and, by the time the volume of solution 
collected in the test tube (F') is equal to that of the extract poured on the 
column, practically all the carotene will have been obtained. It is desirable, 
however, to suck considerably more petroleum ether through the column. 
The chlorophyll is adsorbed near the top of the column and gradually 
separates into two bands; chlorophyll b above, and chlorophyll a below. The 
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Fig. 1. Adsorption column. See text for key. 


major portion of the xanthophylls forms a band which moves slowly through 
the column and may reach the lower half, but a more strongly adsorbed 
portion of the xanthophyll may sometimes be observed as a faint band near 
the lower chlorophyll band. 

The solution collected in the test tube is not a pure solution of a single 
carotene, but includes all the hydrocarbon carotenoids which may have been 
in the leaf, and considerable quantities of colorless fat-soluble substances. 
For most purposes, however, the solution can be used for quantitative 
measurement of carotene without further purification. The hydrocarbon 
carotenoid fraction of many leaves consists only of beta-carotene ; when other 
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carotenes are present they rarely comprise more than ten per cent. of the 
fraction. The colorless impurities are of no concern for the concentration 
of carotene in solution is measured by light absorption. 

When the carotene solution has been removed for determination, ethyl 
ether is sucked through the starch column to remove the adsorbed pigments 
and prepare the column for use with another sample of extract. A volume 
of ethyl ether about equal to that of the pigment extract will serve to elute 
all of the chlorophyll and xanthophyll. Air must then be drawn through 
the column for 20 to 30 minutes to remove all of the ether. By this pro- 
cedure it becomes possible to use a single column of starch repeatedly for 
five to ten determinations. 

The adsorption column described above will not give satisfactory separa- 
tion of pigments from extracts representing more than 0.2 to 0.3 gram of 
fresh green leaf tissue. Routine analysis of larger samples was achieved 
by making the extract up to suitable volume and employing 25-ml. aliquots 
for separation. Since the amount of carotene in such a portion is very 
small, the method employed to determine carotene must necessarily be a 
sensitive one. A photronic colorimeter designed by G. R. MANpets of this 
laboratory and employing a circuit similar to that described by Wuicox 
(3) was used in this particular investigation. The carotene solutions were 
made up to 50 ml. and the amount of carotene present, usually less than 30 
micrograms, could be measured with an error of about 0.1 or 0.2 microgram. 
The error increased with increasing concentrations of carotene. 

Tests of the method have justified the following statements concerning 
its adequacy. Carotene is not destroyed or lost during passage through the 
column of starch. No traces of xanthophyll appear in the carotene solution 
as long as the lower visible limits of the xanthophyll band are within the 
starch column. These statements apply as well to columns which have been 
used and renovated with ethyl ether several times as to columns of fresh 
starch. As successive separations are carried out on a column of starch, 
however, the adsorbing power of the starch is progressively reduced and the 
bands of adsorbed pigments become broader and move through the column 
with increasing rapidity. Consequently, after five to ten separations have 
been made on a single column, it is necessary to replace the adsorbent with 
fresh starch. 

This method allows a series of accurate carotene determinations to be 
carried through in a very short time. The actual chromatographic separa- 
tion requires only a few minutes. Several adsorption columns, connected 
to an aspirator through the same suction flask, may be operated simul- 
taneously. Critical attention to the preparation of the adsorbent is not 
required, and each adsorption column will serve for at least five separations 
before it must be prepared again In point of time and labor, the major 
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consideration is the extraction of the leaf sample. A mechanical disinte- 
grator, if available, would facilitate this part of the procedure. Extraction 
could be accomplished by some other method, of course, such as that adopted 
by the Association of Official Agricultural Chemists (1), and the adsorption 
column employed as soon as the pigments are obtained in petroleum ether 
solution. A procedure which involves saponification is necessary if the tis- 
sue contains xanthophyll esters, for they would otherwise pass through the 
column with the carotene. 


CORNELL UNIVERSITY 
IrHaca, New York 
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INFLUENCE OF VITAMIN B, ON THE GROWTH OF 
AGROSTIS TENUIS AND BRASSICA ALBA 


DANIEL G, CLARK 


Following the publication of articles in popular magazines concerning 
the supposed efficacy of vitamin B, in the nutrition of intact, higher green 
plants, numerous requests have come from laymen for further information 
on the subject. Bonner and Greener (2) observed beneficial effects of vita- 
min B, on plant growth, but because of the dearth of confirming evidence 
the experiment described below was performed. The results of the more 
extensive studies of ARNON (1) and of Hamner (3) are now available. In 
view of the widespread publicity regarding the efficacy of vitamin B, it 
seems desirable, however, to present any additional evidence which may help 
in establishing the true status of this vitamin in relation to plant growth. 

The species selected for study were two of those described by BONNER 
and GREENE (2) as showing marked response to vitamin B,, Agrostis tenuis 
and Brassica alba, and the experimental methods of these authors were fol- 
lowed insofar as possible. Seeds were sown in pure, washed quartz sand 
held in well drained one- and two-gallon glazed crocks, and also in potting 
soil contained in 7-inch unglazed clay pots. The soil cultures were included 
in the experiment for the purpose of testing the possible accuracy of certain 
remarkable statements, relating to the influence of vitamin B, on soil-grown 
plants, made in newspapers and magazines by persons presumably untrained 
in the scientific method. The seedlings in each culture were thinned to 25, 
40, and 25 in the case of Agrostis growing in 1-gallon crocks, 2-gallon crocks, 
and 7-inch pots, respectively, while comparable Brassica cultures were re- 
duced to 10, 12, and 8 evenly-spaced plants per container. 

From 50 ml. to 200 ml. of nutrient solution [HoAGLAND and SNypDER’s (4) 
during the first three weeks, then Suive’s R.S; thereafter] was applied every 
other day to the sand cultures, the exact amount depending upon the size of 
the plants and container as well as environmental conditions. The pH of 
the nutrient solutions varied between 4.6 and 4.8. They were prepared with 
chemically pure salts and were supplemented with appropriate concentra- 
tions of trace elements including 0.1 p.p.m. manganese, 0.01 p.p.m. copper, 
0.02 p.p.m. zine, and 0.1 p.p.m. boron. Vitamin B, was added in a concen- 
tration of 0.01 p.p.m. to the solution applied to half of the cultures. Tap 
water was used instead of nutrient solution on alternate days and no vitamin 
was administered to any of the cultures at these times. The soil cultures 
received no nutrient solution. To these, tap water was applied daily as 
required and vitamin B, in a concentration of 0.1 p.p.m. was added to ‘the 
water used for half of the cultures every other day. All cultures were 
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exposed to ordinary daylight in a greenhouse maintained at moderate tem- 
perature. The growth period was: Agrostis, May 22 to July 17; Brassica, 
May 21 to June 30 for the soil cultures, and May 21 to July 7 for the sand 
cultures. 


Results 


AGROSTIS SERIES 


The sand cultures of Agrostis became so badly contaminated with algae 
that growth of the higher plants was distinctly retarded, perhaps because of 
poor aeration owing to the densely compacted algal layer at the surface. 
These cultures were eventually discarded without harvesting the plants. 
No differences between the vitamin B,-treated and control cultures were 
apparent, however. 

The soil-grown Agrostis plants were clipped three times during the 
growth period, the plants being cut to a height of approximately 3 inches 
above the soil surface each time. The clippings from each of the 16 thiamin- 
treated cultures and 16 control cultures were dried and weighed separately. 

At harvest, the tops of the plants were cut at the soil surface and the 
roots were carefully washed as free of soil as possible. The tops and roots 
of each culture were dried separately and weighed. The total mean dry 
weights of the plants per culture and of the clippings referred to are sum- 
marized here, together with the standard deviation of the mean (cy). 


CULTURES CLIPPINGS Tors Roots 
i 0.51+0.04 gm. 1.46+0.08 gm. 0.62 +0.03 gm. 
eR Sean ra 0.48+0.03 ‘* 1.58+0.08 ‘* 0.58+0.04 ‘*¢ 


BRASSICA SERIES 


The plants of each culture were individually tagged and tops were 
severed from the roots at the cotyledonary node. The length of each top 
was recorded and the fresh weight was obtained. The roots were washed to 
remove sand or soil particles, measured, blotted to remove excess moisture 
and weighed. The dry weights of tops and roots were also found. The 
results are shown in table I. 

It seems reasonable to conclude from these data that vitamin B, had no 
significant influence on the growth of Brassica alba in either pure quartz, 
sand, or soil, nor on Agrostis tenwis in soil under the experimental conditions 
described. 


CORNELL UNIVERSITY 
ITHACA, NEW YORK 
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BRIEF PAPERS 


EFFECT OF VITAMIN B, ON THE GROWTH OF 
RICE PLANTS' 


GC. ma Baer ears 


Reports in the literature indicate that the growth of some plants is in- 
fluenced by additions of vitamin B, to the substrate while other plants are 
not affected by the same treatment. The purpose of this experiment was 
to ascertain the effects of vitamin B, on rice plants. 

Seed of the Early Prolific variety was surface sterilized with mercuric 
chloride, thoroughly rinsed and then allowed to remain in tap water for 
two days. It was then planted in six 3-gallon glazed crocks of sand which 
had been previously washed with tap water and distilled water. Twelve 
seeds were planted in each crock. In four days the shoots emerged from 
the sand and the following nutrient solution was applied to the surface of 
the sand at the rate of one liter every 24 hours by the continuous solution 
renewal method of SuHive and Srant (2): MgSO,-— 0.00032; KH,PO,- 
0.00019 ; Ca(NO,;).— 0.00019 ; (NH,).SO, — 0.00037 ; CaCl, — 0.00019 ; KC] -— 
0.00019 moles per liter. Trace elements were applied in the following con- 
centrations : Fe — 0.5 p.p.m.; B — 0.25 p.p.m.; Mn — 0.25 p.p.m.; and Zn — 0.10 
p.p.m. 

The plants in three of the crocks received 0.01 p.p.m. of synthetic thia- 
min chloride, this concentration having been reported by BONNER and 
GREENE (1) to be the optimum for certain plants. Three other crocks 
served as checks. Every second day each culture was flushed with one liter 
of the nutrient solution which that particular culture had been receiving. 
The pH of the nutrient solution was kept low to prevent decomposition of 
the thiamin chloride. 

After two months of this treatment no visible differences could be de- 
tected between plants receiving vitamin B, and those receiving only the 
nutrient solution. Consequently, the amount of the vitamin applied was 
increased to 0.1 mg. daily and was maintained at this level until the end of 
the experiment. The higher concentration of thiamin chloride also was 
without effect on the color, lodging, or tillering of the rice plants. Also, 
the grain and straw yields were not affected by the vitamin added, as may 
be seen from the data of table I. 

Apparently rice belongs to that group of plants which synthesize suffi- 
cient vitamin B, to satisfy their needs and when growing under favorable 

1 Approved by the Director of the Texas Agricultural Experiment Station as Tech- 
nical Series contribution no. 674. 
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TABLE I 
YIELD DATA, RICE CULTURES WITH AND WITHOUT VITAMIN B, 
YIELD PER CULTURE 
TREATMENT 
GRAIN STrRaw 
gm. gm. 
B, added 3 105 
38 yy 
48 102 
Av. 43 Av. 102 
Cheek 37 119 
43 112 
37 104 
Av. 39 Av. 111.7 











conditions it is not stimulated by applications of vitamin B, to the substrate 
in which the rice roots are growing. 
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EFFECT OF BORAX APPLICATIONS ON THE INCIDENCE OF 
RUST ON FLAX’ 


H. G. HEGGENESS 


During the course of current investigations on the effect of minor ele- 
ments on the nutrition of flax it has been observed that applications of boron, 
as sodium tetraborate, to field plots have essentially prevented the develop- 
ment of rust (Melampsora lini) on Bison and Redwing flax. The borax 
was applied in solution at the rate of sixty pounds to the acre, on May 23, 
two weeks after germination. This concentration of borax resulted in 
some burning of the leaf tips, but it may be possible to reduce the coneentra- 
tion somewhat without losing the protective effect. The following table, 
data of which were secured on July 25 (five weeks after the initiation of 
flowering) bears out the conclusion of rust protection in the borax plots. 
The few rust pustules that did occur in the boron plots were not well devel- 
oped, but remain very small. If the leaves were cleared with 80 per cent. 
alcohol, many points of infection could be seen, but for the most part they 
failed to develop. The data for the table below were secured by observation 
of the plants in the field, no leaves being cleared in alcohol; hence the per- 
centage of rust was estimated as zero in the borax plots. 


TABLE I 
RUST INFECTION IN TWO VARIETIES OF FLAX PLANTED MAy 9, 1941, aT UNIVERSITY FARM, 


St. Paun, MINNESOTA 


DEGREE OF RUST INFECTION 





TREATMENT PREVALENCE* SEVERITY* 
BISON REDWING | BISON | REDWING 

% % Je Jo 
A. Control nine 100 | 100 20 10 
B. Borax (60 pounds per acre) cccccncon 0 | 0 0 0 
C. Zine sulphate (30 pounds per acre) 100 | 100 25 20 
D. Caleium nitrate (120 pounds per acre) 100 | 100 30 10 
E. Borax (60 pounds per acre) 


Zine sulphate (30 pounds per acre) 
Calcium nitrate (120 pounds per acre) oO | 0 0 0 





* Estimated to within 5 per cent. 


These same treatments were given to similar flax plots planted on June 
16th, the various solutions being applied on July 4th. On July 30th both 
varieties of flax in the boron plots of the second planting again had less rust 
than plants on the control plots, the results being comparable to those of the 


1 Paper no. 1916 of Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 
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table above. In this case, however, more of the rust pustules developed 
than was the case on the first planting. It appears that the borax treat- 
ments will not give the same degree of protection from rust in the second 
planting, but the difference between the borax and control plots was still 
distinet. 

The rust present in these plots is the result of natural infection. For 
each treatment there were three replicates. Complete results of these 
experiments will be published at a later date. 

SECTION OF PLANT PHYSIOLOGY 


UNIVERSITY FARM 
UNIVERSITY OF MINNESOTA 
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THE CIRCULAR REVOLVING BRUSH AS A TISSUE 
DISINTEGRATOR' 


wT « ae DATED 


Scientists who deal with analytical phases of either plant or animal 
metabolism studies often find it difficult or even impossible to reduce the 
tissue to a fineness suitable for accurate sampling or for efficient and con- 
venient extraction. It is also frequently desirable to avoid any possibility 
of contamination with metal such as may occur in a food grinder. Hence 
there seems to be considerable interest in any method by which may be 
obtained a greater fineness of material, with a minimum of metallic 
contamination. 

In a previous paper (1), the writer described a substitute for the labora- 
tory food grinder for disintegrating tissues to be extracted. The ‘‘Blendor’’ 
described in that paper is very useful for breaking up certain tissues and is 
being constantly improved. Later forms are more efficient and convenient 
than earlier types. 

Another form of disintegrator, which the writer has not seen mentioned 
in the literature, is the circular revolving brush. This brush may be made 
of palm (palmyra) fiber, such as is used in street-sweeping brushes, or other 
materials. In the simplest form, a circular brush of suitable diameter is 
placed on the shaft of a rapidly rotating motor (3500 r.p.m. is suitable). 

Tissue such as potato tuber may be held against the revolving brush and 
the finely broken up material collected in a porcelain pan supported beneath 
the brush. To hold the fibers more compactly, or to control the width of the 
disintegrating surface, two lacquered lids from frietion-top cans may be 
placed on the shaft of the motor on each side of the brush, with the turned- 
up edges of the lids facing each other. The fibers project one-half inch or 
more beyond the lids. A more elaborate assembly would include some sort 
of housing to protect the operator from flying particles and to conserve 
materials. 

Tissues difficult to break up for one reason or another may be frozen 
first and then disintegrated, but the brush fibers are more likely to wear off 
and contaminate the frozen material. Even tough connective tissue in meat 
may be shredded while frozen. 

Stainless steel wire brushes may be obtained to take the place of palm 
or other fiber for disintegrating especially difficult types of tissue with a 
minimum of contamination. 

While the above method of reducing tissue has been used chiefly with 
fresh plant parts, it may also be used with other materials having different 


1 Agricultural Chemical Research Division Contribution no. 19. 
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hardness or toughness by suitably varying the type of brush material used. 
Other workers may improve on this method and fit it to their particular 
needs. 
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NOTES 


Eighteenth Annual Meeting.—The American Society of Plant Physiolo- 
gists celebrated its eighteenth anniversary at Dallas, Texas, on December 
29-31, 1941. The general sessions were held in the First Baptist Chureh of 
Dallas, and the annual dinner was arranged at the Baker Hotel, which was 
also the headquarters for the Society’s officers. 

While the numbers in attendance at Dallas were somewhat smaller than 
at more centrally iocated meetings, the enthusiasm, and the quality of the 
papers adequately compensated for the lowered attendance. Those who 
were privileged to be present report an excellent meeting, and a chorus of 
praise is the reward of the program committee, the secretary-treasurer, and 
other officers responsible for the planning and preparation of the Dallas 
program. 

The symposia were notable for the excellence of the papers. In some 
cases the programs ran too long, and it would be wisdom to aim at a two- 
hour period, not longer, by requiring that speakers adhere to the time set by 
such limitations. No one can stand a scientific barrage, no matter how good 
it is, for three or four hours, and feel fit for anything afterward. The pres- 
entations should not require more than thirty minutes from anyone, and an 
equality of opportunity before the audience is very desirable. 

The symposium on Electrodynamics of Living Systems was presided over 
by Dr. E. J. Lunn, of the University of Texas. It drew plant and animal 
physiologists together in a consideration of the significance of cellular and 
tissue potentials, those of large plant cells, nerve structures, and the effects 
of radiation on bioelectric processes. 

On Tuesday afternoon a round-table discussion on experimental design, 
control, and error in physiological investigations was held with the Horti- 
culturists, and Physiological Section of the Botanical Society of America. 
Leaders of this discussion were Dr. V. R. Bosweiu and Dr. B. S. Meyer. 
Formal papers were dispensed with, and a free discussion of the problems 
in non-technical language brought out the basic features of satisfactory 
experimental design and testing of results. 

As in several years past, teaching problems were given an airing. On 
Tuesday evening, Dr. Dorotnuy Day, chairman of the New England Section, 
presided over a symposium on the teaching of plant physiology; and on 
Wednesday afternoon, Dr. W. F. Loenwina, State University of Iowa, lead 
a forum on the teaching of plant science. These symposia always attract a 
large audience, testifying to the recognition of real problems in connection 
with the teaching of nhysiological and botanical subjects. 

Four general sessions for short papers were held on Monday, Tuesday, 
and Wednesday forenoons, and Wednesday afternoon. The attendance was 
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around fifty to sixty at most of the sessions. The papers were unusually 
interesting, making the whole meeting a very satisfactory experience. 

The annual dinner was held on Monday night, with Dr. Epwin C. 
MILLER, president of the Society, in charge. Between ninety and one hun- 
dred members and friends of the Society attended the dinner. Dr. Pump 
R. Waite delivered the seventh StepHeN Hautes address on Vegetable 
Dynamics and Plant Tissue Cultures. It was illustrated by numerous lan- 
tern slides, and gave an account of his recent work on tumor tissue culture, 
root pressure, ete. It created a very favorable impression upon the assembly. 

At this meeting, also, President MmLLER announced the eighteenth award 
of the CHaruEs Rem Barnes life membership to Dr. BENJAMIN M. Dvuaaar, 
of the University of Wisconsin. The Society is greatly honored by this 
selection. The committee, headed by Dr. W. E. Loomis, Iowa State College, 
has performed a difficult duty, and deserves congratulations for its fine ser- 
vice. The annual dinner always marks the high tide of the meeting; and 
the fine fellowship of these occasions is a priceless heritage, a living tradi- 
tion which grows in importance with the years. 


Southern Section.—The Southern Agricultural Workers will be meeting 
in Memphis, Tennessee, sometime during February, 1942. The Southern 
Section of the American Society of Plant Physiologists holds its meetings 
at the same time and place. Dr. L. H. Furr, of Louisiana State Univer- 
sity, is chairman of the Southern Section, 8S. F. THornTon, vice-chairman, 
and C. F. MoRELAND, secretary-treasurer. Information concerning the meet- 
ing will be sent to all members by the officers, and others can obtain infor- 
mation by writing to Dr. Fur7, or the other officers. 


Benjamin M. Duggar.—As was noted in the account of the annual meet- 
ing, the eighteenth award of the Barnes life membership was made to Dr. 
B. M. Dueaar, of Wisconsin. Dr. DuaGar has been a leader in the fields of 
plant physiology and plant pathology for many years. He was born at Gal- 
lion, Alabama, September 1, 1872. His earlier education was received in 
southern institutions, Alabama, 1887—1889, with the completion of his un- 
dergraduate work at the Mississippi Agricultural and Mechanical College in 
1891. He went to the Alabama Polytechnic Institute for his M.S. degree, 
which he won in 1892. Afterwards he went to Harvard, where he received 
the A.B. degree in 1894, and the A.M. in 1895. He received the Ph.D. de- 
gree from Cornell in 1898. Beginning his career of service at one of the 
Alabama Experiment Stations, he has held positions at Radcliffe College, 
The University of Illinois, Cornell University, The U. S. Bureau of Plant 
Industry, The University of Missouri, Washington University and the 
Missouri Botanic Garden, and the University of Wisconsin. 
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In other ways he has contributed much to the advancement of botanical 
science. In the National Research Council he served as chairman of the 
Division of Biology and Agriculture. He served as trustee of the Woods 
Hole Marine Biological Station, the Oceanographic Institute at Woods Hole, 
and the Bermuda Biological Station. He has at various times served as 
editor on such journals as the American Journal of Botany, Proceedings of 
the Society for Experimental Biology and Medicine, and Biological Abstracts. 
In 1926 he was general secretary and secretary of the executive committee 
of the Fourth International Botanical Congress. He was vice-president of 
the Botanical Society of America in 1912 and 1914, and president in 1923. 
He is a member of the Academy of Natural Sciences, Philadelphia, and of 
the National Academy of Sciences and many other societies. 

He has written a number of books, Fungous Diseases of Plants, Plant 
Physiology, Mushroom Growing, and many important scientific contribu- 
tions to journals. 

It is a great pleasure to all of us to see his name added to the roster of 
CHARLES REID BARNES members. There are fourteen living members, four 
being deceased. 


Chromatographic Adsorption Analysis.—A very fine exposition of the 
adsorption technique used in separating pigments and other compounds 
from one another has been prepared by Dr. Haroup H. Srrarn, of the Car- 
negie Institution. After a historical introduction which details the origin 
and development of the technique to a fine tool in the hands of the chemist, 
the author takes up first the most important applications of the method, 
such as the resolution of mixtures into their components, determination of 
homogeneity of chemical substances, comparison of substances, purification, 
concentration from dilute solutions, recognition and control of technical 
products, quantitative estimation of certain ingredients of mixtures, deter- 
mination of molecular structure, regeneration of substances from their 
addition complexes, and its use in combination with other methods. 

Following chapters describe the apparatus and procedures used, the 
adsorbents to be employed, solvents and eluants available, and the location 
of adsorbed substances. Two chapters consider the chromatography of com- 
pounds. One of these is devoted to inorganic materials, the other to or- 
ganics. It is astonishing, for instance, to learn that ‘‘as little as 1 pg. of 
ferric iron in 0.2 ml. of 0.0001 molal solution can be observed on a column 
after development with ferrocyanide solution.’’ And that molal copper or 
cobalt does not interfere with this test. 

The most important chapter (VIII) deals with the organic compounds, 
and includes aliphatics, terpenes, benzene derivatives, aromatic-aliphatic 
compounds, condensed polyeyclics, sterols and their relatives, heterocyclic 
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nitrogenous bases, fat-soluble vitamins, water-soluble vitamins, hormones, 
enzymes, coenzymes and proteins, anthocyanins, pterins, chlorophylls, de- 
rivatives of hemoglobin, bile pigments, carotenoids, coal tar dyes, and 
various other natural products. 

The final chapter considers the industrial uses of the method, especially 
in connection with water purification, oils and fats, sugar, tannins, drugs, 
and wines. The bibliography fills 41 pages. Author and subject indexes 
are provided. 

A colored plate showing the adsorption separation of carotenes and of 
xanthophylls, used previously in the author’s fine monograph on Leaf 
Xanthophylls, published in 1938, forms the frontispiece. 

The work is excellent in every way, and deserves a hearty reception at 
the hands of physiologists and biochemists, particularly, and by all who 
engage in critical analytical determinations. It is published by Interscience 
Publishers, Inc., New York, at a price of $3.75 per copy, as volume 2 in their 
Chemical Analysis series. 


Frost Killing and Hardiness of Plants.—This monograph on frost and 
hardiness by Dr. J. Levitt, is put out in mimeoprint form by the Burgess 
Publishing Co., Minneapolis. The text is presented in three parts. Part I 
considers frost killing in six chapters, as follows: The oceurrence of frost 
injury ; early theories of the causes of injury ; the formation of ice in tissues ; 
the course of the temperature drop during freezing; the moment of injury; 
and the influence of non-penetrating solutes on injury. 

Part II deals with frost hardiness: Effect of external factors on resis- 
tance; correlation of resistance with morphological factors; correlation of 
resistance with physiological factors (three chapters). 

The final section, Part III, takes up the current theories of the causes of 
injury and resistance: Theories concerned primarily with intracellular 
freezing ; and theories concerned primarily with extracellular freezing. 

The author’s method is to present the results of contributors in brief 
summarizing paragraphs, and to summarize parts I, II, and ITI in short syn- 
thesizing statements. The main conclusions come at the end of part III. 
It is a stimulating work, which presents the many-sided attack made upon 
the problems of frost injury and hardiness, and the difficulties of har- 
monizing all the points of view. It will be found very useful, and should be 


read by everyone interested in this phase of plant behavior. 

A bibliography of some 600 or more references includes the most impor- 
tant contributions. It is arranged alphabetically, so that it also constitutes 
an author index. The price is $3.00 per copy, and the publishers are located 
at 426 South Sixth St., Minneapolis. Orders should be sent to them. 
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Laboratory Plant Physiology.—The second edition of the laboratory 
manual by Dr. BerNarp 8. Meyer and Dr. DonaLp B. ANDERSON was pub- 
lished by D. Van Nostrand Co., New York, in 1941. It is a thoroughgoing 
revision of the first edition, which appeared in 1935. It offers a large selec- 
tion of experiments of different grades of difficulty, so that courses may be 
arranged for students at different levels, or for any period of time available 
for the course. There are 177 experiments in all, many of which are new, 
or improved, from the first edition. It is interleaved with blank paper for 
note taking. The experiments are arranged to go along with the authors’ 
text book, but anyone can arrange his course as he pleases. It offers a very 
attractive list of experiments, and will continue to be used widely as a 
manual for beginning and advanced courses. 

The price is moderate, only $2.00 per copy, and the requirements of 
apparatus are relatively simple, so that laboratories not expensively equipped 
may still find it possible to perform most of the experiments, or to select 
adequate experiments requiring only simple apparatus. It is highly com- 
mendable that plant physiologists are attempting to provide better text 
books, and better instructional manuals for student use. Such manuals as 
this, and the admirable text it follows, are invaluable aids in teaching, and 
help to generate enthusiasm for the subject. The authors and publishers 
are to be congratulated for the fine service rendered. 





